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ZINACEF... <. 


sterile cefuroxime sodium 


E Outstanding protection against postsurgical 
staphylococcal infections’ 


More effective surgical prophylaxis* than cefazolin"? 
E Beta-lactamase stability superior to cefazolin? 


More convenient, economical dosing than cefazolin? 


“In clean-contaminated or potentially contaminated surgical procedures. 
For a complete listing of indications and usage, please consult Brief Summary of Prescribing Information for ZINACEF on adjacent page. 
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Zinacet* Zinacef* BRIEF SUMMARY 
{sterile cefuroxime sodium, Glaxo} {cefuroxime sodium injection} 


ie following is a brief summzty only. Before prescribing. see complete prescribing information in Zaacet" product 
labeling, 

INDICATIONS AND USAGE: Zinace!* is indicated for the treatment of patients with infections caused by susceptible 

strains of the designated organisms in the following diseases: 

1. Lower Respiratory Tract Intactions, including pneumonia, caused by Streptococcus pneumoniae {formerly Diptococeus 
pneumoniae), Haemophilus ‘afluenzae (including amprci'lin-resistant strains). Klebsiella spp, Staphylococcus aureus 
(penicillinase- and non-penizillinase-producing), Streptococcus pyogenes, and Escherichia coli. 

2. Urinary Tract Intections caused by £ coli and Klebsiella spp. 

3. Skin and Skin Structure Infectians caused by S aureus (penicillinase- and non-penicillinase-producing), S pyogenes, 

E coli, Klebsiella spp, and Enterobacter spp. 

4. Septicemia caused by S aureus (pentcillinase- and non-peniciltinase-producing), S pneumoniae, E coli, H influenzae 
(including ampicillin-resistant strains), and X/ebsiella spp. 

5. Meningitis caused by $ pnecmoniae. H influenzae (including ampicillin-resistant strains), Neisseria meningitidis, and 
S aureus (penicillinase- and 10n-penicillinase-producing). 

6. Gonorrhea: Uncomplicated znd disseminated gonococcat intections due to Neisseria gonorrhoeae (penicillinase- and 
fon-peniicillinase-producing Strains} in both males and females. 

7. Bone and Joint Infections caused by S aureus (including peniciliinase- and non-penicillinase-producing strains). 

Clinical microbiological studies in skin and skin structure infections requently reveal the growth of susceptible strains of 
both aerobic and anaerobic organisms. Zinacef has been used successfully in these mixed infections in which several 
organisms have been isolated. Appropriate cultures and susceptibility studies should be performed te determine the 
susceptibility of the causative oganisms to Zinacef, 

Therapy may be started while awaiting the results of these studies; however, once these results become available, the 
antibiotic treatment should be adjusted accordingly. In certain cases of confirmed or suspected gram-positive or gram- 
negative sepsis or in patients wrth other serious intections in which the causative organism has not been identified, Zinacel 
may be used concomitantly wit an aminoglycoside (see PRECAUTIONS). The recommended doses of both antibiotics may 
be given depending on the severity of the infection and the patient's condition. 

Prevention: The preoperative prophylactic administration of Zinacet may prevent the growth of susceptible disease-causing 

bactera and thereby may reduce the incidence of certain postoperative infections in patients undergoing surgical procedures 

(eg. vaginal hysterectomy) that ae classified as clean-contaminated or potentially contaminated procedures. Effective 

prophylactic use of antibiotics ir surgery depends on the time of administration. Zinacef should usuatly be given one-halt to 

one hour betore the operation ta allow sufficient time to achieve effective antibiotic concentrations in the wound tissues 
during the procedure. The dase sould be repeated intraoperatively if the surgical procedure is lengthy. 

Prophylactic administration is usually not required after the surgical procedure ends and shouid be stopped within 24 
hours. In the majority of surgical procedures, continuing prophylactic administration of any antibiotic does not reduce (he 
incidence of subsequent infectios but will increase the possibility of adverse reactions and the development of bacterial 
resistance, 

The perioperative use af Zinacet has also been effective duting open heart surgery tor surgical patients in whom infections 
at the operative site would present a serious risk. For these patients it is recommended that Zinacet therapy be continued 
for al feast 48 hours after the surgical procedure ends. If an infection is present, specimens for culture should be obtained 
for the identification of the causative organism and appropriate antimicrobial therapy should be instituted, 
CONTRAINDICATIONS: Zinacef* is contraindicated in patients with known allergy to the cephalosporin group 
of antibiotics. 

WARNINGS: BEFORE THERAPY WITH ZINACEF* IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO DETERMINE 
WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS, PENICILLINS, OR 
OTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS 
SHOULO BE ADMINISTERED WIT- CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME FORM OF ALLERGY. 
PARTICULARLY TO DRUGS. IF AN ALLERGIC REACTION TO ZINACEF OCCURS, DISCONTINUE THE DRUG. SERIOUS ACUTE 
HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad-spectrum antibiotics); 
therefore, it is important to consider ils diagnosis in patients who develop diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics alters norma} flora of the colon and may permit overgrowth of clostridia. 
Studies indicate a toxin produced by Clostridium difficile is one primary cause of antibiotic-associated Colitis. Chotestyr- 
amine and colestino! resins have been shawn to bind the toxin /n vitro. 

Mild vases of colitis may respoad to drug discontinuation alone. Moderate to severe cases should be managed with fluid, 
electrolyte, and protein supplementation as indicated, 

When the colitis is not relieved ry drug discontinuation or when it is severe, oral vancomycin is the treatment of choice 
for antibiotic-associated pseudomembranous colitis produced by C difficile, Other causes of colitis should alse be considered. 
PRECAUTIONS: Although Zinacef* rarely produces alterations in kidney function. evaluation of renal status during 
therapy is recommended, especial y in seriously tli patients receiving the maximum doses. Cephalosporins shoutd be given 
with caution to patients receiving concurrent treatment with potent diuretics as these regimens are suspected of adversely 
affecting renal function, 

The total daily dose of Zinacef stould be seduced in patients with transient os persistent renal insufficiency (see DOSAGE 
AND OMS DON because bigh and prolonged serum antibiotic concentrations can occur in such indwiduals from 
usual doses, 

As with other antibiotics, prolonged use of Z:nacet may result in overgrowth of nonsusceptible organisms, Caretul 
observation of the patient is essen:tal, If superinfection occurs during therapy, appropriate measures should be taken. 

Broad-spettrum antibiotics should be prescribed with caution in individuals with a history of gastrointestinal disease. 
particularly colitis. 

Nephrotoxicity has been reported following concomitant administration of aminoglycoside antibiotics and cephalosporins, 
Drug/Laboratory Test Interactions: A false-positive reaction for glucose in the urine may occur with copper reduction tests 
(Benedict's or Fehling’s satution or with Clinitest® tablets), but not with enzyme-based tests for glycosuria (eg.Tes-Tape"). 
Asa false-negative result may occar in the ferricyanide test, it is recommended that either the glucose oxidase or 
hexokinase method be used to determine blood plasma glucose levels in patients receiving Zinacef. 

Cefuroxime does nat interfere with the assay of serum and unne creatinine by the alkaline picrate method. 
Carcinogenesis, Mutagenesis, Impairment af Fertility: Although no tong-term studies in animats have been performed to 
evaluate carcinogenic potential, no nutageme potential af cefuroxime was found in standard jabaratory tests. 

Reproductive studias revealed nc impairment of fertility in animals. 

Pregnancy: teratogenic Effects: Pregnancy Category B: Reproduction studies kave been performed in mice and sabbits at 
doses up to 60 times the human dose and have revealed no evidence of impaired fertility or harm to the fetus due to 





x cefuroxime, There are, however, no adequate and well-controlled studies in pregnant women. Because animal reproduction 


studies are not always predictive of tuman response, this drug should be used during pregnancy only if clearly needed. 
Nursing Mothers: Since Ziacet is e<creted in human milk, caution should be exercised when Zinacel is administered toa 
nursing woman, 

Pediatric Use: Safety and effectivenzss in children below 3 months of age have not been established. Accumulation of other 
members of the cephalosporin class in newborn infants (with resulting prolongation of drug half-life) has been reported. 
ADVERSE REACTIONS: Zinacet+ 1s generally well tolerated. The most common adverse effects have been local reactions 
following intravenous administration. Other adverse reactions have been encountered only rarely. 

Local Reactions: Thrombophlebitis kas occurred with intravenous administration in 1 in 60 patients. 

Gastrointestinal: Gastrointestinal symptoms occurred in 1 in 150 patients and included diarrhea (1 in 220 patients) and 
ea had patients). Onset of pseudomembranous colitis symptoms may occur during or after antibiotic treatment (see 
WARNINGS). 

Hypersensitivity Reactions: Hypersensitivity reactions have been reported in less than 1% of the patients treated with 
Zinacef and include rash {t in 125). Pruritus, urticaria, and positive Coombs’ test each occurred in less than1 in 250 patients. 
and, as with other cephalosporins, rare cases of anaphytaxis, erythema multiforme, and Stevens-Johnson syndrome have 
occurred. 

Blood: A decrease in hemoglobin anc hematocrit has been observed in t in 10 patients and transient eosinophiha in 

1in 34 patients. Less common reactions seen were transient neutropenia {less than tin 100 patients} and leukopenia 
{119780 patients), A similar pattern and incidence were seen with other cephalosporins used in controtied studies. 

Hepatic: transient nse in SGOT and S3PT (1 in 25 patients), alkaline phosphatase (1 in 50 patients}, LDH (175 patients), and 
bilirubin (1 in 500 patients) levels has been noted. 

Kidney: Elevations in serum creatinina and/or blood urea nitrogen and a decreased creatinine clearance have been observed, 
‘bul their selationship to Cefuroxime is unknown. 


tn addition to the adverse reactions listed above that have been observed in patients treated with ceturoxime, the following 
adverse reactions and altered laboratory tests have been reported for cephalosporin-class antibiotics: 

Adverse Reactions: Toxic epidermal necrolysis. fever, vomiting, abdominal pam, colitis, vaginitis including vaginal 
candidiasis, toxic nephropathy, hepatic dysfunction including cholestasis, aplastic anemia, hemolytic anemia, 
hemorrhage. 

Several cephalosporins have be2n implicated in triggering seizures, particularly in patients with renal impairment 
when the dosage was not reduced (see DOSAGE AND ADMINISTRATION). If seizures associated with drug therapy 
should occur, the drug should be dscontinued. Anticonvulsant therapy can be given if clinically indicated. 

Altered Laboratory Tests: Prolonged prothrombin time, pancytopenia, agranulocytosis, thrombocytopenia. 

DOSAGE AND ADMINISTRATION: (See complete prescribing information in Zinacet” product labeling.) 
Impaired Renat Function: A reduced cosage must be employed when renal tunction is impaired. Dosage shautd be 
determined by the degree of renal imparnment and the susceptibility of the causative arganism (see Table tin product 
package insert}. 
HOW SUPPLIED: Zinacet* in the dry state should be stored between 15° and 30°C (59° and 86°F} and protected trom 
fight. Zinacel is a dry. white to off-white powder supplied in vials and infusion packs as follows: 
NDC 0173-0352-31 750-mg° Vial (Tray of 25} 
NDC 0173-0354-35 15-g° Vial (Tray of 25) 
NOG 0173-0353-32 760-mg" infusion Pack (Tray of 10) 
NDC 0173-0356-32 1.5-g* Infusion Fack (Tray of 10} 
NDC 0173-0400-00 75-9" Pharmacy Bulk Package (Tray of 6) 
Zinacef frozen as a premixed solution of cefuroxime sodium should not be stored above -20°C. Zinacef is supplied frozen 
m 50-ml, single-dose. plastic containers as follows: 
NOC 0173-0424-00 750-mg" Plastic Centainer (Catton of 24) 
NDC 0173-0425-00 1.5-9° Plastic Container (Carton of 24) 
“Equivalent to cefuroxime. 
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Ideal Material 


First,.we selected a biocompatible material which 
could be durable over the lifetime of the 

patient. The choice of pyrolytic carbon for 

the leaflets and orifice ring also offered 

the advantage of holding a high polish 

for increased thromboresistance as 

well as an extremely low coefficient 

of friction for long-term wear 

resistance. 


St. Jude Medical® is a trademark of St. Jude Medical, Inc. 


Refer to the physician’s manual provided with each device for 
detailed instructions for use, warnings, precautions and possible 
adverse device effects. Caution: FEDERAL LAW (U.S.A.) RESTRICTS 
THIS DEVICE TO SALE BY OR ON THE ORDER OF A PHYSICIAN 


©1990 by St. Jude Medical, Inc. Printed in U.S.A., U.S. Pat. #4,276,658, 
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Ideal Design 


Then we designed a valve to blend optimally with the 
features of this ceramic material. In the pivot 
area, leaflet tabs gently move as the valve 

opens to 85° and closes at 25° All surfaces of 

the pivot depressions are washed by blood 

and wiped clean by the curved leaflet tabs 

during each cycle, reducing thrombus 

formation. Placement of the pivot area on 

the inflow aspect resulted in minimal 

leaflet movement outside the orifice ring. 


The result of matching design to 
material was a durable, hemodynamically- 
efficient, low profile heart valve. Over 
the last 12 years and more than one- 
quarter million implants, the St. Jude 
Medical® valve in its original design 
has produced an excellent clinical 
performance record. Contact your local 
St. Jude Medical representative for 
copies of independent clinical results. 


® St JUDE MEDICAL 


St. Jude Medical, Inc. 

One Lillehei Plaza 

St. Paul, Minnesota 55117 U.S.A. 
Telephone: (800) 328-9634 or (612) 483-2000 
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In over 270,000 cases, 
physicians chose 

one tissue heart valve 
over any other. 





Our long-term commitment to engineering and 
design has resulted in today’s number one choice in tissue valves. 
The Carpentier-Edwards* Bioprosthesis benefits from the flexibili 
of our unique Elgiloy* stent and our advanced tissue preservation 
techniques. The result is a tissue valve of improved hemodynamics 
and excellent durability. 

When indications call for a tissue valve, turn to the valve 
chosen more often than any other tissue valve in the world—over 
270,000 implants to date—the Carpentier-Edwards’ Bioprosthesis. 

For more information, call or write Baxter Healthcare 
Corporation, Edwards CVS Division, 17221 Redhill Avenue, Irvin: 
CA 92714-5686, 800.424 .3278. Refer to following page for a brief 
summary of prescribing information. 


The entier-Edwards’ 
Bioprosthesis 


Baxte 


*Flailav Carnnratinn 


Carpentier-Edwards® Bioprosthesis 
For Single Use Only 


Indications: Bioprostheses are indicated for use in patients suffering from valvular heart disease. Aortic and mitral 
valvular heart disease are conditions involving any of the following: obstructions of the heart valves, or stenosis; 
leakage of the valves, known as regurgitation or insufficiency; and combinations of the two, sometimes referred to 
as mixed disease or combined lesions. Valvular heart disease may be caused by any number of factors, including 
congenital abnormalities, infection by various microorganisms, degenerative calcification, rheumatic heart disease 
and rupture or dystunction of the mitral subvalvular mechanism secondary to myocardial ischemia. Bioprostheses 
are used particularly in those patients for whom long-term anticoagulation is contraindicated or who may be diffi- 
Cult to maintain on anticoagulation therapy. The Carpentier-Edwards bioprosthesis is intended for use in patients 
whose aortic or mitral valvular disease is sufficiently advanced to warrant replacement of their natural valve with a 
Prosthetic one. It is also intended for use in patients with a previously implanted aortic or mitral valve prosthesis 
which is no longer functioning adequately and requires replacement. In the latter case, the previously implanted 
prosthesis is surgically excised and replaced by the replacement prosthesis. Warnings: For Single Patient Use Only 
In the presence of conditions affecting calcium metabolism or when calcium-containing chronic drug therapies are 
used, the use of a mechanical prosthesis as an alternative should be considered. This is also true in patients under 
20 years of age, in patients on a high calcium diet, in the presence of severe systemic hypertension, and in patients 
who are on maintenance hemodialysis. The decision to use a tissue valve must ultimately be made by the physician 
on an individual basis after a careful evaluation of the short- and long-term risks and benefits to the patient are 
made, and alternative methods of treatment are considered. Overall durability, especially lang-term, has not been 
established for bioprostheses. Serious complications, sometimes leading to replacement of the valve and/or death, 
may be associated with the use of prosthetic valves (see Complications). A full explanation of the benefits and risks 
should be given to each prospective patient before surgery. Note: Bioprostheses should be used with caution in the 
presence of severe systemic hypertension or when the anticipated patient longevity is longer than the known 
longevity of the prosthesis. Careful and continuous medical follow-up (at least by an annual visit to the physician) is 
advised so that valve-related complications, particularly those related to material failure, can be diagnosed and 
properly managed. Recipients of prosthetic heart valves who are undergoing dental procedures should receive 
prophylactic antibiotic therapy to minimize the possibility of prosthetic infection. Bioprosthetic heart valve recipients 
should be maintained on anticoagulant therapy, except where contraindicated, during the initial healing stages after 
implantation, approximately 2 to 3 months. Anticoagulants should then be discontinued over a period of 10 days, 
except in those patients for whom indefinite anticoagulant protection is indicated, i.e., in the absence of sinus 
rhythm and in patients with a dilated left atrium, calcification of the atrial wall or history of previous atrial throm- 
bosis. The appropriate anticoagulation therapy must be determined by the physician on an individual basis. 
Adequate rinsing with physiological saline, as described in the Technique section, is mandatory before implan- 
tation to reduce the glutaraldehyde concentration. No other solutions, drugs, chemicals, antibiotics, etc. 
should ever be added to the glutaraldehyde or rinse solutions, as irreparable damage to the leaflet tissue, 
which may not be apparent under visual inspection, may result. The Carpentier-Edwards bioprostheses must 
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storage solution are sterile. The outside of the jar is not sterile and must net be placed in the sterile field. Further- 
more, the valve and container should never be subjected to sterilization procedures involving ethylene oxide, 
propylene oxide, steam, or irradiation. Storage between 10°C and 25°C is recommended; however, care should be 
exercised to avoid freezing or extreme heat, which may damage the valvular tissue. Any valve that has been frozen 
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immediately flush the affected area with water. In the event of contact with eyes, seek medical attention. Surgical 
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carefully matched to avoid folding of the leaflets or extreme distortion of the orifice. Edwards CVS Division has 
received reports in which individual mattress sutures, spanning a distance of 10 to 15mm, produced a purse-string 
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repeated intravenous injections containing calcium should be avoided during the postoperative period; and exces- 
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physician. Baxter International Inc. is the owner of the following US patent which covers the products described 
herein: 4,106,129. Patent numbers in foreign countries supplied upon request. See package insert accompanying 
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Edwards® is a registered trademark of Baxter International Inc. 
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EDITORIALS 


Defining the Limits of Suitability of 


Cardiac Allografts 


Albert Guerraty, MD, and Andrew S. Wechsler, MD 
Division of Cardiothoracic Surgery, Department of Surgery, Medical College of Virginia, Richmond, Virginia 


n this issue, Sweeney and associates from the Texas 
Heart Institute [1] propose the usé of “high-risk do- 

nor” (HRD) hearts for select critically ill recipients as a 
strategy to reduce the growing gap between cardiac 
allograft supply and demand. Their definition of HRD 
includes one or more of the following variables: age 
greater than 40 years, noncardiac systemic infections, 
cardiopulmonary resuscitation longer than 3 minutes, 
more than 5 hours of graft ischemia, recipient’s weight 
more than 20% less than the donor's weight, and a 
requirement of more than 10 ug/kg/min of dopamine to 
maintain hemodynamic stability. Criteria for cardiac al- 
lograft donation established by the Stanford group [2] in 
the early 1970s were used for reference. 

We agree with Sweeney and associates that the current 
shortage of donors is the most limiting factor to expansion 
of heart transplantation. The scarcity of suitable allografts 
makes the risk of dying while on the waiting list for a heart 
transplant (20% to 40%) greater than the operative risk or 
the risk of postoperative i aca (10% to 20%) [3]. 


See also page 7. 


The high success rate achieved in survival and quality 
of life after heart transplantation resulted in broadening of 
selection criteria for the recipient, leading to an even 


greater discrepancy between organ supply and demand. 


In addition, the lack of clear regional and national organ 
allocation policies makes the shortage of donors appear 
even worse. 

Although the efforts of Dr Sweeney aid his group to 
expand the cardiac donor pool seem appropriate and 
should be welcomed by the transplant community, an 
analysis of their HRD variables appears necessary. Rather 
than assuming donors older than 40 years to be high risk 
and those younger, low tisk, it may be more appropriate 
to determine the biological age of the graft. Efforts should 
be made to obtain the donor's clinical history, particularly 
with respect to risk factors for coronary artery and rheu- 
matic heart disease. Laboratory testing, including an 
echocardiogram, electrocardiogram, myocardial perfusion 
tests, and/or coronary angiography should allow a good 
assessment of ventricular function, cardiac anatomy, and 
myocardial perfusion. Such an approach has led our 
group to find “young hearts” in sexagenarian donors. It is 


Address reprint requests to Dr Guerraty, Division of Cardiothoracic 
Surgery, Medical College of Virginia, PO Box 68, Richmond, VA 23298. 


hoped that in the near future “bench surgery” will yield 

“mended hearts” that would be an acceptable palliation 
for critically ill recipients. Informed consent would in- 
clude knowledge of such pratt manipulatioris, whenever 
possible. 

In our experience, leukocytosis and hyperthermia in 
patients sustaining brain death do not necessarily corre- 
late with sepsis. However, likè Sweeney and associates, 
we have not observed a difference in heart transplantation 
outcome: when donors with documented bacterial infec- 
tions of thé respiratory or urinary.systéms associated with’ 
positive blood cultures were used. Reliable serology tests 
should prevent the use of human immunodeficiency 
virus- or hepatitis- positive donors. Cytomegalovirus sta- 
tus is also important in determining the recipient’s pro- 
phylactic therapy or careful monitoririg for systemic cyto- 
megalovirus infection: 

Cardiopulmonary resuscitation of the donor and ische- 
mia of 5 hours or more may be associated with myocardial 
ischemic injury. The clinical assessment and echocardio- 
graphic or angiographic studies currently used are not 
accurate enough to differentiate between reversible isch: 
emic injury to the graft and necrosis. When serious 
necrosis is present before organ procurement, reperfusion 
injury may be observed after graft reimplantation. This - 
phenomenon may account for at least part of the 10% 
operative mortality due to graft failure still reported 
worldwide [3]. Future clinical application of magnetic 
resonance imaging or positron emission tomography to 
the in situ donor’s heart may help to differentiate between 
viable and necrotic myocardium. 

Endocrine changes in patients suffering brain death are 
complex and not fully understood. However, we do know 
that reductions in 3,5,3’-triiodéthyronine, thyroxine, 
plasma cortisol, and insulin are associated with changes 
from aerobic to anaerobic metabolism resulting in de- 
creased donor myocardial function [4]. Electrolyte imbal- 
ances due to diabetes insipidus may be responsible for 
further diminution of myocardial performance. A better 
understanding of these metabolic disorders in brain-dead 
patients may lead to replacement hormonal therapy re- 
sulting in better preservation of myocardial intracellular 
structure and function. f 

Doctor Sweeney's group as well as other authors [5] 
consider a weight discrepancy between donor and recip- 
ient greater than 0.8:1 as another HRD criterion. Doctor 
Lower’s group in the early 1970s [6] demonstrated long- 
term survival after orthotopic Heart transplantation in 
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dogs using donors as small as 30% of the recipient's 
weight. Mackenzie’s group [7], as well as our institution, 
has been successful in using clinical cardiac allografts in 
the orthotopic position’ with a donor-recipient weight 
ratio of 0.5:1.-A healthy graft ¿ as well as a recipient with 
normal pulmonary vascular resistance are important fac- 
tors to be considered if smaller grafts are going to be used. 
In conclusion, it may be appropriate to expand criteria 
applied to donors for cardiac transplantation, but efforts 
should be made to solve the problem of obtaining a more 
complete anatomical; functional, and. metabolic assess- 
ment of the graft: Implicit to any plan that uses hearts 
approaching marginal acceptability is optimal procure- 
ment, surgical technique and storage, and careful manip- 
ulation of the graft after reperfusion. Highly sophisticated 
biochemical techniques should facilitate. this effort. Per- 
haps perioperative administration of growth factors may 
accelerate the recovery of these biologically sound hearts. 
‘The definition of HRD hearts is an evolutionary pro- 
cess. Retrospective analysis of large registries should 
allow contemporary risk-factor analysis techniques to 


identify specific criteria that correlate with poor graft © 


outcomes. Such data would allow a more scientific defi- 
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nition: of HRD, and the ipoe could be tested with 
prospective registry inquiry. 
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Surgical Standby for Coronary Angioplasty 


Daniel J. Ulkyot, MD 


Peninsula Hospital; Burlingame, and University of California, San Francisco, California 


he availability of skilled personnel, equipment, and 
facilities for emergency surgical revascularization has 
contributed importantly to the development and wide- 
spread clinical acceptance of catheter interventions on 
diseased segments of obstructed coronary arteries. Al- 
though sudden coronary occlusion requiring emergency 
coronary bypass grafting is infrequent after percutaneous 
transluminal coronary angioplasty (PTCA), a consensus 
exists among interventional cardiologists and cardiac sur- 
geons that all PTCA procedures require surgical backup. 
The language adopted by the combined American College 
of Cardiology/American Heart Association Task Force on 
Guidelines for PTCA is unambiguous on this point: 


An experienced cardiovascular surgical team should be 
available within the institution for emergency surgery for 
all angioplasty procedures. The Subcommitte2 feels 
strongly that there should be no exception to this require- 
ment and holds the position that all arrangements requir- 
ing the transportation of patients to off-site surgical facili- 
ties for such emergency surgery fails to meet the necessary 
standards of care exercised by prudent physicians and 
cannot be condoned [1]. 


One of the implications of this consensus is that vast 
resources must be committed to supporting catheter- 
intervention technology in order to minimize acute 
complications in approximately 5% of patients. In 1988, 





See also page 35. 





the most recent year for reliable data, 227,000 patients 
underwent coronary angioplasty in this country. The 
same year 254,000 patients underwent coronary artery 
bypass grafting (National Center for Health Statistics, 
1988 Hospital Discharge Survey; personal communica- 
tion, March 1990). 

The survey reported by Cameron and co-authors [2] 
gives an up-to-date look at various ways surgical standby 
for PTCA is provided in this country. As the survey did 
not attempt to include outcome data it is impossible to 
decide which, among the several strategies, is optimal. 
Given the variety of ways cardiovascular services are 
provided in this country it would be surprising if a 
consensus existed about an optimal standby strategy. We 
learn that a substantial majority of institutions provide a 
“formal” standby arrangement (64% of institutions re- 
sponding to the survey maintain an open operating 
room). Nearly one third modify their usual standby ar- 
rangements for unusual, high-risk cases. Again, lacking 
outcome data we cannot know whether assigning priority 
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to patients according: to levels of anticipated risk, and 
providing corresponding levels of standby-readiness, 
gives results comparable with the “operating-room- 
held-open-for-all-patients” policy. 

Cameron and co-authors point out that recent papers 
addressing the cost of PTCA versus the cost of coronary 
artery bypass grafting fail to include the costs of surgical 
standby, which are often not compensated and are borne 
indirectly by all cardiac surgical patients or by all hospital 
patients. These costs are substantial. Wilson and associ- 
ates [3], reporting their PTCA standby experience (699 
patients undergoing PTCA from November 1980 to May 
1985 in which an operating room was held open for all 
patients), found actual costs determined by standard 
accounting methods to be $1,188,843.00 for the series or 
$1,700.00 per angioplasty attempt. A rough estimate for 
1988 (227,000 PTCA’s x 64% formal standby x $1,700.00) 
yields $246,976,000.00 for only a portion of standby serv- 
ices, exclusive of the remaining 36% covered by other 
standby strategies, the costs of which are not known. 

A more subtle effect of the national policy (ACC/AHA 
guidelines) to provide surgical cover for all patients un- 
dergoing PTCA is the stimulus to create new cardiac 
surgical programs in order to support angioplasty activity 
in hospitals with new or free-standing catheterization 
laboratories heretofore content to refer patients to estab- 
lished centers for angioplasty and surgery [4]. The prolif- 
eration of low-volume cardiac surgical programs whose 
primary raison d’étre is to provide surgical standby for 
PTCA raises quality and cost issues perhaps not antici- 
pated by the ACC/AHA Task Force and adds substantially 
to the costs of providing PTCA services in this country. A 
recent paper from Great Britain reporting a PTCA standby 
experience in the “next-available-operating-room’”’ mode 
describes a practice in which patients requiring emer- 
gency surgical revascularization are transported to a 
nearby (2.4 km) cardiac surgical center with, according to 
the authors, acceptable outcomes in patients carefully 
selected for PTCA [5]. Bonchek [6] recently raised this 
issue for debate in this country. 

Suffice it to say that notwithstanding the benefits of 
emergency surgical intervention in a small fraction of 
patients undergoing PTCA, omnipresent surgical standby 
is inefficient and expensive. I agree with Cameron and 
co-authors that the actual costs of surgical standby for 
PTCA must be brought into the sunlight if the costs of 
PTCA, which continues to be touted as a less expensive 
alternative to coronary bypass grafting, are to be fully 
appreciated. 

Six prospective trials are currently underway compar- 
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ing PTCA versus medical treatment (ACME)* and PTCA 
versus surgical revascularization (BARI, CABRI, EAST, 
GABI, RITA)’. All will collect cost data. One prays that 
the costs of surgical standby will be included in these 
analyses. When the time-related freedom from untoward 
outcome events and the associated costs of these events 
for PICA compared with alternative management strate- 
gies become known, we will have a better notion of the 
place of PTCA in the therapeutic armamentarium for 
patients with ischemic heart disease. 

The survey by Cameron and co-authors stimulates us to 
consider the interface between. cardiologists and cardiac 
surgeons in providing catheter interventions in patients 
with coronary heart disease. It is clear that our strategies 
for protecting patients undergoing PTCA from untoward 
outcomes are still evolving. Perhaps better patient selec- 
tion and technological innovation including bail-out cath- 


* ACME = Angioplasty Compared to Medicine. 

+ BARI = Bypass Angioplasty Revascularization Investigation; CABRI = 
Coronary Angioplasty versus Bypass Revascularization Investigation; 
EAST = Emory Angioplasty Surgery Trial; GABI = German Angioplasty 
Bypass Investigation; RITA = Randomized Intervention Treatment of 
Angina. 
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eters, intraluminal stents, and circulatory support devices 
will provide more efficient and less costly alternatives to 
current standby practices. 
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Bronchial and Thymic Carcinoids and the Ectopic 


ACTH Syndrome 


William D. Odell, MD, PhD 


poo adenoma or carcinoid is a relatively rare 
cause of so-called ectopic ACTH (adrenocorticotropic 
hormone) syndrome and comprises approximately 2% of 
all causes of ectopic ACTH, production [1]; carcinoid 
syndrome also occurs with only about 2% of such neo- 
plasms [2]. Approximately 10% of patients with ectopic 
ACTH syndrome have carcinoma or carcinoid of the 
thymus [1]. These tumors are of great interest as a cause 
of this condition because differentiating them from the 
pituitary gland as the source of ACTH is particularly 
difficult. 

Forty to 50% of patients with bronchial carcinoid and 
ectopic ACTH syndrome show suppression of ACTH and 
cortisol with high-dose. dexamethasone treatment, a 
finding usually indicating pituitary-dependent ACTH se- 
cretion (Cushing’s disease). This -finding suggests that 
some bronchial carcinoids may secrete corticotropin- 
releasing hormone (CRH), which in turn stimulates pitu- 
itary secretion of ACTH. As dexamethasone and other 
glucocorticoids act directly on the pituitary to inhibit CRH 
action, the “ectopic” CRH syndrome is expected to show 
dexamethasone suppression. In such cases, petrosal 
venous sampling would be expected to show an ACTH 
gradient over peripheral blood and would not therefore 
distinguish bronchial carcinoid from Cushing’s disease. 
Malchoff and associates [3] have reported that both dex- 
amethasone suppression and CRH stimulation testing of a 
patient with bronchial carcinoid and Cushing’s syndrome 








See also pages 52 and 58. 





gave results typical of Cushing’s disease. In addition, 
plasma ACTH concentrations are usually very highly 
elevated in ectopic ACTH syndrome, which distinguishes 
the usual patient with ectopic ACTH from one with 
Cushing’s disease, in which ACTH concentrations are 
normal or only slightly elevated. However, in ectopic 
ACTH syndrome caused by bronchial carcinoids, the 
plasma ACTH concentrations are usually only slightly 
elevated—mimicking Cushing’s disease. Howlett and co- 
workers [4] presented data on 6 patients with bronchial 
carcinoid and 2 with thymic carcinoid, all with ectopic 
ACTH syndrome. Plasma ACTH level ranged from 15 to 
54 pmol/L (69 to 244 pg/mL) in these 8 patients (normal, 2 
to 18 pmol/L). Patients with Cushing’s disease had plasma 
ACTH ranging from 9 to 94 pmol/L (42 to 428 pg/mL). Just 
as itis often metabolically difficult to distinguish bronchial 
carcinoid-ectopic ACTH from pituitary-dependent Cush- 
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ing’s, it is also difficult to detect bronchial carcinoids 
because they are usually very small tumors. Zarate and 
associates [5] have published the case of a young girl with 
Cushing’s syndrome who had a pituitary adenoma. This 
was removed but showed no immunostaining for ACTH, 
and Cushing’s syndrome persisted after adenoma re- 
moval. The patient died and autopsy showed a bronchial 
carcinoid immunostaining for CRH and ACTH. Possibly 
the CRH stimulated adenoma formation, or alternatively 
the adenoma was incidental. 

Data from a number of laboratories including our own 
[6] have demonstrated that the precursor ACTH mole- 
cule, proopiomelanocortin (POMC) is extractable from all 
normal human and rat tissues as well as all carcinomas 
from patients without Cushing’s syndrome. This POMC- 
like molecule was shown to have no biologically active 
ACTH-like activity as assessed by in vitro adrenal cell 
assays. However, when exposed to trypsin, a biologically 
active ACTH with an expected molecular weight of 4,500 
was produced. We also showed that this precursor ACTH 
molecule circulates in plasma in patients with a variety of 
carcinomas, but who do not have Cushing’s syndrome. 
Those patients having Cushing’s syndrome from ectopic 
ACTH production have neoplasms that convert this 
POMC to biologically active ACTH. It is in this context 
that we believe the so-called ectopic ACTH syndrome is 
not ectopic [1, 6]. 

In this issue, Pass and associates [7] review experience 
with 13 patients with bronchial and 1 patient with thymic 
carcinoid causing Cushing’s syndrome. Regrettably, they 
do not present data on the fraction of patients who 
showed dexamethasone suppression, although all pa- 
tients underwent high-dose dexamethasone suppression 
tests. These patients also underwent CRH stimulation, a 


‘test that typically shows a brisk stimulation of ACTH 


secretion in Cushing’s disease. None of the 14 patients 
tested responded to CRH, a finding strikingly in favor of 
ectopic ACTH syndrome, but as reviewed, a finding not 
always seen in bronchial carcinoid-ectopic ACTH syn- 
drome. Petrosal vein sampling for ACTH also revealed no 
step-up of ACTH concentrations over peripheral vein in 
these 14 patients. 

The review of Pass and associates demonstrates how 
effective operation coupled, when appropriate, with post- 
operative mediastinal irradiation results in a very high 
cure or remission rate. Twelve of 14 patients undergoing 
operation were alive at a mean of 21 months postopera- 
tively and cortisol concentrations were normal in 10 of the 
patients. Adrenocorticotropic hormone and cortisol are 
excellent tumor markers in these patients and it is possi- 
ble, even though time from onset of disease to correct 
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diagnosis is often years, that the tumors when detected 
are smaller than for nonfunctioning bronchial carcinoids. 

Also in this issue, Economopoulos and co-workers [8] 
review their experience with 7 patients with thymus 
carcinoid. These carcinoids apparently were not function- 
ing; none produced ACTH. The mortality of these pa- 
tients was considerably greater than that of the patients 
described by Pass and associates. All but 2 died 1 to 12 
years after operation and irradiation treatment. It would 
appear from these two studies that the nonfunctioning 
thymus carcinoids are considerably more aggressive neo- 
plasms than the ACTH-secreting bronchial carcinoids. 
Ectopic ACTH syndrome caused by “carcinoma” of the 
thymus accounts for about 10% of cases of ectopic ACTH 
syndrome. This classification should be reviewed with 
modern histological techniques to distinguish thymus 
carcinoid from carcinoma. 

The data of Pass and associates on 13 patients with 
bronchial carcinoid are’ of major interest. The findings of 
great reliability in excluding Cushing’s disease by petrosal 
vein sampling for ACTH and the failure of CRH to 
stimulate ACTH are somewhat surprising in view of 
scattered patient reports suggesting otherwise and also in 
view of the suppression of ACTH/cortisol production by 
high-dose dexamethasone in 40% to 50% of other re- 
ported patients with bronchial carcinoid. The excellent 
response to operation and tumor therapy is particularly 
gratifying to read. 

Finally, it is important to note that increasingly ACTH is 
being measured by immunoradiometric or sandwich type 
assays [9]. The precursor molecule(s) of ACTH that are 
produced by at least some patients with ectopic ACTH 

' syndrome may not react in these assays giving a mislead- 
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ing low value for ACTH. As always the clinician must be 


. particulary alert to distinguish these disorders. 
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To combat the continuing shortage of ideal donor hearts, 
we have used cardiac allografts from high-risk donors for 
critically ill recipients. We defined high-risk donor yari- 
ables as age greater than 40 years, systemic (noncardiac) 
infection, cardiopulmonary resuscitation greater than 3 
minutes, ischemic time longer than 5 hours, weight more 
than 20% less than that of the recipient, and require- 
ments for high doses of inotropes. Of the 305:donors we 
have used, 73 (23.9%) have been high-risk, with 59/73 
(80.8%) exhibiting one variable, 12/73 (16.4%) exhibiting 
two variables, and 2/73 (2.7%) exhibiting three variables. 
No correlation was found between the number of donor 
variables and a poor postoperative result. No infectious 
complications occurred in 17 patients receiving hearts 


Co transplantation has become a widely accepted 
and regularly used method for treating certain pa- 
tients with heart disease. When the pioneers of the late 
1960s demonstrated the feasibility of human heart trans- 
plantation, many other centers initiated programs of their 
own, and the recent era has witnessed a virtual explosion 
in both the evalution of this specialty and the numbers 
who choose to practice it. Progress has also been made in 


For editorial comment, see page 1. 


understanding more of the intricacies of the rejection 
process, and this progress has practically moved . the 
center stage from the operating rooms to the immunology 
laboratories [1-3]. : 
Among the problems facing the majority of today’s 
cardiac transplant teams, none is more vexing (or poten- 
tially more restrictive) than the continuing shortage of 
ideal donor hearts. Standard donor criteria were originally 
established, perhaps appropriately, without an under- 
standing of the impact modern therapies would have in 
bringing more and sicker patients to an expanding num- 
ber of recipient waiting lists [4]. In confronting the dis- 
parities in demand and supply in our own program, we 
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from potentially infected donors.. Hospital mortality 
rates (30 day) for recipients of high-risk donor versus 
non-high-risk donor hearts were 8.2% and 6.9%, respec- 
tively (not significant). The 1-, 6-, and 12-month actuarial 
survival rates were 91.7%, 81.2%, and 75.9% for the 
high-risk donor group and 93.5%, 80.3%, and 77.8% for 
the non-high-risk donor group (not significant). Among 
survivors with high-risk donor hearts, mean left ventric- 
ular ejection fractions were 0.54 + 0.08 at 3 months, 0.55 
+ 0.08 at 1 year, and 0.54 + 0.09 at 2 years after 
transplantation. These results suggest that accepting less 
than ideal donor hearts can be safe and might be consid- 
ered when better options are not available. 

(Ann Thorac Surg 1990;50:7—-11) 


have on occasion liberalized the standard donor criteria 


` and accepted less than ideal donor hearts for critically ill 


recipients. This unorthodox strategy has produced sur- 
prisingly good results to date. Our experience confirms 
that this practice can be efficacious, saves both lives and 
money, and may deserve consideration for application in 
other programs. 


Material and Methods 


The hospital records and follow-up donor charts of 305 
orthotopic cardiac transplant recipients who were oper- 
ated on at the Texas Heart Institute between July 1982 and 
March 1989 were reviewed. For the purpose of this 
review, recipients of both heterotopic and retransplant 
operations were excluded, as we wished to focus on the 
performance of hearts from high-risk donors. Of the 305 
patients, 232 (76%) received cardiac allografts from non- 
high-risk donors (NHRD) who met the standard selection 
criteria, whereas 73 patients (24%) received hearts from 
donors who were deemed high-risk (HRD) because of 
their failure to meet the standard benchmarks of “safe” 
donor status. The overwhelming majority of these 73 
critically ill patients, who were terminally hospitalized or 
bedridden at home, received HRD hearts because of their 
extremely poor prognosis. Demographic data from both 
HRD and NHRD groups are shown in Table 1. 
High-risk donor variables were defined as one or mare 
of the following: age greater than 40 years, systemic 
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Table 1. Demographic Data of Transplant Recipients 





Variable HRD NHRD Value 

a 

Male 55 (75.3%) 201 (86.8%) NS 

Female 18 (24.7%) 31 (13.2%) NS 

Age 46.3 yr (7 mo to 47.4 yr (4-68 yr) NS 
67 yr) 

Donor age 27.1 yr (2-53 yr) 24.4 yr (8-39 yr) NS 

Follow-up 19.4 mo (2 days 22.9 mo (4 days NS 
to 59 mo) to 84 mo) 

HRD = high-risk donor; NHRD = non-high-risk donor; NS = not 


significant. 


(noncardiac) infection, cardiopulmonary resuscitation 
longer than 3 minutes (less than 10 minutes), ischemic 
time more than 5 hours, weight more than 20% less than 
that of the recipient, and requirements for high doses of 
inotropes after volume reexpansion (eg, >10 ug/kg/min of 
dopamine or >5 yg/min of epinephrine). Systemic (non- 
cardiac) infections were defined by multiple (more than 
two) positive blood cultures, leukocytosis (>20 x 10°/L 
[20,000/4L]) in conjunction with a temperature of greater 
than 38.9°C rectally, and radiographic evidence of pulmo- 
nary infiltrates with documented positive sputa. At the 
time of donor cardiectomy, these hearts were inspected to 
confirm the absence of valvar vegetations, myocardial 
abscesses, or frank pus. Recipients were also categorized 
as to whether their HRD graft exhibited one, two, or three 
of the HRD variables. Fifty-nine patients (81% of the HRD 
group) received hearts from donors with a single HRD 
variable, 12 patients (16% of total HRD group) had two- 
HRD-variable hearts, and 2 patients received three- 
HRD-variable hearts. Table 2 shows HRD-group recipi- 
ents according to number and type of variables. 

In the cohort aged more than 40 years, 9 were single- 
HRD-variable (aged >40 years only) and 3 were multiple- 
HRD-variable donor hearts. Ages ranged from 42 to 53 
years in these donors, and all were men. Only 3 of these 
12 donors received a cardiac catheterization before 
cardiectomy, but all 12 had normal bedside echocardio- 
grams and were without evidence of coronary insuffi- 
ciency according to preharvest electrocardiography. Sim- 
ilarly, the 12 total donors who required cardiopulmonary 
resuscitations of more than 3 minutes (9 as their only HRD 
variable) had hearts that were functioning without objec- 
tive evidence of ischemic damage before cardiectomy. 
None of these patients underwent cardiac catheterization. 

Sixteen donors were included because of a body weight 
of more than 20% less than that of the recipient (range, 
20% to 31%). Of these, 8 had weight mismatch as their 
only inclusion criterion. Seven donors had this as one of 
two HRD variables, and 1 donor with three HRD variables 
weighed more than 20% less than the respective recipient. 
In each recipient in this category, care was taken to ensure 
an absence of elevated pulmonary vascular resistance 
before using a heart from an undersized donor. Donors 
who required high-dose inotropic support before cardiec- 
tomy included 21 single-HRD-variable, 8 double-HRD- 
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variable, and 2 triple-HRD-variable patients. These 31 
total donors, who needed high-dose dopamine (21 pa- 
tients), epinephrine (9 patients), or both (1 patient) rep- 
resented our most common deviation from the accepted 
NHRD criteria. A lengthy ischemic time dictated the 
inclusion of only 1 patient (a two-HRD-variable donor). 

Systemic (noncardiac) infections were involved in 17 
total HRD patients, 12 as a single-HRD-variable, 4 as a 
double-HRD-variable, and 1 as part of a triple-HRD- 
variable conor. Of these 17 donors, 7 had multiple posi- 
tive blood cultures: Streptococcus pneumoniae (3), Staphylo- 
coccus aureus (2), Klebsiella pneumoniae and Enterobacter sp (1 
each). Nine other donors were accepted despite temper- 
atures of more than 38.9°C in conjunction with leukocy- 
tosis (>20 x 10°/L [20,000/uL]) and pulmonary infiltrates 
with positive sputa (Enterobacter, 3; Klebsiella pneumoniae, 
3; Staphylococcus aureus, Streptococcus pneumoniae, and He- 
mophilus influenzae, 1 each). The 1 remaining donor was 
used despite documented hepatitis B surface antigen 
positivity. 

Statistical analyses were performed using the unpaired 
Student's t test, y” analysis, and the Mantel-Haenszel test 
for life-table analysis. 


Results 


Follow-up for HRD recipients averaged 19.4 months 
(range, 2 days to 59 months) compared with 22.9 months 
(range, 4 days to 84 months) in NHRD recipients (not 
significant). Overall mortality rates were similar for the 
HRD and NHRD groups, manifesting no statistical differ- 
ence at 1, 6, 12, and 24 months. Survival curves for each 
group are shown in life-table form in Figure 1. Twenty of 
the HRD recipients ultimately died; 14 of these were late 
deaths that occurred after discharge from the hospital 
(range, 30 days to 4.5 years). Of these 14 late deaths, six 
were due to infections (three viral, two bacterial, and one 
protozoan), three resulted from graft atherosclerosis 
(none from donors aged >40 years), and two each re- 
sulted from uncontrolled rejection or hepatorenal insuffi- 
ciency. The remaining late death resulted from hemor- 
rhage after a liver biopsy on day 65 in the patient whose 


Table 2. High-Risk Donor Group by Number and Type of 
Variable (n = 73) 


One HRD Two HRD Three HRD 
Variable Variables Variables 
(n = 59) (n = 12) (n = 2) 
Ino 21 Ino/Wt 3 Ino/Age/Inf 1 
Inf 12 Ino/Inf 2 Ino/Age/Wt 1 
CPR 9 Wt/Inf 2 
Age 9 Wt/CPR 2 
Wt 8 Ino/Age 1 
Isc 0 Ino/CPR 1 

Ino/Isc 1 


CPR = cardiopulmonary resuscitation; HRD = 
Inf = infection; Ino = inotrope; Isc = >5h of 
Wt = weight >20% less than that of recipient. 


Age = age >40 yr; 
high-risk donor; 
ischemic time; 
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transplant was from the hepatitis-positive donor. (The 
biopsy was negative.) 

Six HRD recipients died early in the postoperative 
period (range, 17 to 29 days) before discharge from the 
hospital. HRD variable(s) and causes of death in these 6 
patients are shown in Table 3. One of these patients had 
réceived a heart from a donor with positive blood cultures 
for S aureus but died on day 20 of sepsis from Pseudomonas 
aeruginosa (without evidence of S aureus). The three- 
HRD-variable donor underwent transplantation early in 
our series, and an early death resulted from drug-induced 
hepatic failure. 

Four HRD patients required 48 to 96 hours of postop- 
erative mechanical support with a right ventricular assist 
device (2 patiénts), an intraaortic balloon pump (1 pa- 
tient), or a left ventricular assist device (1 patient). Three 
of these had-high-dose inotropic support of the donor as 
their only HRD variable, and 2 of these 3 died (1 early, 1 
late). The remaining patient was included in the HRD 
group because of a donor age of 49 years. Although this 
donor underwent cardiac catheterization and was ac- 
cepted, the heart performed poorly’ after transplantation 
and needed 48 hours of support with a centrifugal pump 
right ventricular assist device. This patient was weaned 
from support and remains alive and well 17 months later. 

An analysis of the impact that the number of HRD 
variables had on recipient survival shows no difference 
between the one-HRD-variable and two-HRD-variable 
groups, especially during the early, predischarge period 
when HRD variables would probably have their greatest 
effect. Fifteen of 59 one-HRD-variable recipients died (4/59 
early deaths), and 3 of 12 two-HRD-variable recipients 
died (1/12 early deaths). Both three-HRD-variable recipi- 
ents died (1 early, 1 late), but this sample was too small to 
have statistical validity. 

No single donor variable could be shown to have vatue 
in predicting a poor postoperative result. The need for 
high-dose inotropic- support of the donor heart was a 
frequent HRD variable in both the six early deaths in our 
HRD series and the 4 patients who required mechanical 
support postoperatively, although this frequency did not 
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Fig 1, Actuarial survival in transplant patients who have received 


hearts from high-risk donors (HRD) and non-high-risk donors 
(NHRD). i 
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Table 3. Early (in-Hospital) Deaths in HRD Recipients 








HRD Cause of Death n 
Ino Infection? 2 
Ino Neuro. deficit 1 
Inf® Infection? 1 
Ino/Inf Rejection 1 
Ino/Age/Inf Liver failure 1 





a Pseudomonas aeruginosa; © Staphylococcus au- 


> Cytomegalovirus; 
reus. : 


Age = = age >49 yr Inf = infection; Ino 


= inotrope. 


HRD = high-risk donor; 


achieve significance because of the small numbers in- 
volved. No HRD recipient included in the series as a 
result of donor infection died from or became infected 
with the organism identified in the donor. One patient 
received a one-HRD-variable heart from a 47-year-old 
donor (studied angiographically) that demonstrated se- 
vere atherosclerosis in the proximal left anterior descend- 
ing coronary artery. At transplantation, a left internal 
mammary artery to left anterior descending coronary 
artery bypass graft was created as part of the procedure, 
and the patient continues to do well 6 months later. 

Our routine posttransplantation protocol involves serial 
determinations of left ventricular ejection fractions 
through gated blood pool studies. Among survivors, 
there was no significant difference between HRD and 
NHRD recipient éjection fractions. At 3, 12, and 24 
months, HRD recipients had a mean left ventricular 
ejection fraction of 0.54 + 0.08, 0.55 + 0.08, and 0.57 + 
0.09, respectively, and NHRD recipients showed a mean 
left ventricular ejection fraction of 0.56 + 0.10, 0.57 + 
0.09, and 0.60 + 0.08, respectively. 


Comment 


Recent data from the Registry of The International Society. 
for Heart Transplantation show that 2,450 cardiac trans- 
plant operations were performed worldwide in 1988, an 
increase of 450 since 1986 and of only 250 since 1987. At 
least one major reason for this general slowing of activity 
may be the limited numbers of acceptable cardiac donors 
available when standard donor criteria are used. During 
this same period, the number of cardiac transplant centers 
increased from 100 in 1985 to 173 in 1988, and the average 
length of time that potential recipients must wait for a 
donor heart may reach 3 to 6 months in some regions [5]. 

Simultaneously, we have perceived a trend toward refer- 
ral of an increasing percentage of high-risk patients for 
transplantation at the Texas Heart Institute. Although 5% 
and 7% of our 1986 and 1987 patients were listed as what 
is now defined by the United Network for Organ Sharing 
as status 1, 12% of the patients in 1988 were listed as 
status 1 before their transplantation. Moreover, the aver- 
age waiting period for such recipients has been steadily 
increasing in our center because of a relative shortage of 
NHRD hearts and is currently approaching 3 months. Of 
the 166 patients we listed in 1988, 42 (25%) died while 
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waiting for a donor heart, a figure that appears to be 
depressingly predictable based on reports from other 
centers [6, 7]. 

The hospital-related costs for cardiac transplantation 
have been reported to be in the range of $50,000 to 
$100,000 [8, 9], but little has been made of the costs 
associated with dying in the hospital while waiting for a 
cardiac donor. A review of the last year in our institution 
shows an average cost of $56,078 (range, $33,104 to 
$77,181) for status-1 patients who died, despite pharma- 
cological or intraaortic balloon pump support, waiting for 
a donor heart. Although we support the continued prog- 
ress being made with more sophisticated mechanical 
device “bridging” of status-1 patients, such patients can 
be assumed to incur in-hospital costs in amounts equal to 
or greater than those described because they require 
postventricular assist device stabilization before trans- 
plantation [10]. 

We are thankful, and in some cases surprised, that our 
results with HRD hearts have been good to date. In 
particular, patients receiving hearts from potentially in- 
fected donors have manifested few infectious complica- 
tions, and none had the same infecting agent identified in 
the respective HRD donor. In addition, the lack of any 
difference in short- or long-term results between one- 
HRD-variable and two-HRD-variable hearts is of interest. 
Although both three-HRD-variable recipients ultimately 
died, 1 of these, early in our series, was an in-hospital 
death secondary to drug-induced hepatic failure and the 
other was a late death (2 months after transplantation) 
resulting from cytomegalovirus infection and probably 
not related to the performance of the HRD heart. Al- 
though a requirement for high-dose inotropic donor sup- 
port failed to achieve significance as an HRD variable, this 
donor condition was associated with several poor postop- 
erative results and deserves further attention. Our lack of 
donor hearts from the group with long ischemic time 
(only 1 patient) is perhaps most symbolic of the general 
problem. Rather than any lack of interest in such donors 
on our part, this may reflect the competitive element of 
garnering cardiac donor populations in an era of more 
transplant centers with an unchanging donor supply. 

Are there any donor hearts that should not be used? 
Clearly the answer is yes. During the past year, we have 
continued to refuse donor hearts traumatized as a result 
of blunt or penetrating injury, and we do not recommend 
use of small hearts in the orthotopic position when the 
recipient pulmonary pressures and resistances are high. 
We have generally avoided hearts from older donors with 
known ischemic heart disease, but aortocoronary bypass 
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grafting can be performed on these donor hearts as part of 
the orthotopic transplant procedure, and this may be 
attempted more often in the future. Last, many HRD 
hearts that are not suitable for use in the orthotopic 
position might conceivably be placed heterotopically and 
function as both an allograft and a ventricular assist 
device, without the need to assume the entire burden of 
circulatory support. 

Standard donor criteria are logical and safe and have 
served cardiac transplant surgeons and their patients well 
for many years. On occasion, however, these criteria 
might be carefully extended in addressing a mismatch 
between supply and demand. Our experience indicates 
that such a strategy may be appropriate for certain recip- 
ients and, when prudently applied, may result in saving 
both lives and money. 





We thank the Department of Biostatistics and Computer Appli- 
cations for statistical analyses in this study. 
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DISCUSSION 


DR SHREEKANTH KARWANDE (Salt Lake City, UT): Doctor 
Sweeney and his associates have made a very valid observation, 
that the availability of donor hearts is the primary limiting factor 
to the number of cardiac transplantations that can be done. When 
public awareness and education, along with local and regional 
organ donation policies, have achieved their maximum expected 


returns, we must seriously look at liberalizing the donor criteria 
as the only means of increasing the number of organs available 
for transplantation. 

From its very beginning, at the Utah Cardiac Transplant 
Program we have used two-dimensional echocardiography as a 
routine screen for potential donor hearts. This is a noninvasive 
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test that is available in most hospitals and, generally speaking, 
there is a cardiologist who is more than willing to analyze the 
study. 

Between March 1985 and September 1989, 286 donor hearts 
were screened by two-dimensional echocardiography. Of these, 
34, that is, 12%, were rejected based on echocardiographic 
findings, and only two that were acceptable by echocardiography 
were rejected at the time of organ recovery by means of visual 
inspection. Eighty-three, which is 29% of these hearts, fell into the 
high-risk group as identified by Sweeney and associates, but these 
were acceptable for transplantation by echocardiographic criteria, 


The majority of these hearts were from donors who required - 


high doses of inctropes and vasopressors, but some were also 
from donors who had suffered trauma and periods of cardiac 
arrest. 

The acceptable echocardiographic findings are mild septal 
hypokinesis, mild degrees of mitral regurgitation, and small 
amounts of pericardial effusion. 

The hearts rejected for transplantation by echocardiographic 
criteria have had global hypokinesis, severe septal hypokinesis, 
or serious mitral and tricuspid valve insufficiency. Of the two 
hearts acceptable by echocardiography but rejected by direct 
inspection, one had severe right ventricular dilatation and hy- 
pokinesis and the other had serious myocardial contusion with- 
out any demonstrable dysfunction of the heart itself. 

In addition to two-dimensional echocardiography, we also 
perform coronary arteriography on all potential male donors who 
are more than 40 years old and female donors more than 45 years 
old. We use crystalloid cardioplegia in a single 1-L dose and have 
experienced ischemic times ranging from about 50 minutes to 6⁄2 
hours. There have been no intraoperative deaths in the recipients 
receiving these high-risk hearts. : 

Only 1 patient died of normal cardiac causes. For recipients 
with elevated pulmonary vascular resistance, however, we have 
made a conscious effort to get a perfect heart and also have 
predictably short ischemic times. 

We have identified two groups of donors that we are very 
worried about. The first is patients who have been exposed to 
carbon monoxide. These donor hearts have a tendency to develop 
fatty infiltration and pump failure. The second group is patients 
with severe head injury requiring high-dose inotropic support in 
spite of volume expansion. Serial echocardiograms in these patients 
have demonstrated a decrease in ventricular function. 

I have several questions for Dr Sweeney. Have you made any 
effort to match these high-risk hearts with recipients who fall into 
various risk strata, such as hearts from older donors to be placed 
in older recipients, or hearts from high-risk donors being prefer- 
entially used for patients with low pulmonary vascular resis- 
tance, or hearts from high-risk donors being acceptable for UNOS 
status 1 patients but being refused for status 2 patients? Have you 
used two-dimensional echocardiography as a screening modality 
in your program? 

Last, have you identified any special groups of donor hearts 
that you consider unacceptable? 


DR FRANCIS ROBICSEK (Charlotte, NC): I want to congratu- 
late Dr Sweeney and associates both for the selection of this very 
important subject and for the excellent presentation of this 
certainly vexing problem. 

From their paper it is evident that in the ever-continuing quest 
for donor hearts we can go only in one direction: up!—up in risk 
and up in the age of the accepted donors! Naturally by accepting 
the hearts. of older persons—now our upper limit is 55 years and 
tising—the chance that we unknowingly transplant hearts af- 
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fected with coronary disease is also increasing. Because coronary 
cineangiography, unless the donor is in-house, is seldom feasi- 
ble, we suggest the method we coined “bench-coronary cinean- 
giography,” cineangiography on the explanted donor heart just 
before implantation. This can be done easily in the catheteriza- 
tion laboratory under sterile conditions by injecting 8 to 10 mL of 
contrast medium directly into the coronary orifice and then 
washing it out with cold Ringer's solution. 

When a bench coronary cineangiogram showing a normal 
coronary arterial tree on the right and left side is compared with 
the left coronary injection of coronary cineangiography before the 
patient died, the bench arteriogram is even more revealing than 
the coronary cineangiogram in the live patient. 

Bench coronary arteriography is a very simple method, and we 
do not believe that it is in any way detrimental to the donor heart. 
However, this possibility is now being examined on an animal 
model. 


DR SWEENEY: Doctor Karwande and his associates at Utah have 
an excellent program, which has led the way in many respec:s, 
most particularly in addressing new approaches to immunosup- 
pression. Dr Robicsek, of course, continues to enlighten us with 
his intellect and with his pioneering spirit. 

In answer to the Utah group’s questions, we do in fact try to 
match high-risk hearts with high-risk recipients for a number of 
reasons, not the least of which being that the high-risk recipients 
are most likely to die first. In particular, we do match older 
donors with older recipients. 

With regard to echocardiography, I am afraid that I cannot add 
much to the Utah experience. Out of 73 recipients in our HRD 
variable group, only 20 had echocardiograms before their cardiec- 
tomy—most of these were in the last 2 years—and of these 20 
hearts, 15 were judged as normal and were used. Unfortunately, 
2 of those hearts did not perform well despite their normal 
echocardiographic. studies. It is interesting that of the 5 hearts 
that had abnormal echocardiographic studies, three had mitral 
valve prolapse and two others had wall motion abnormalities. All 
5 of these hearts were used anyway, and all 5 of them performed 
very well. So despite the experience presented here by the Utah 
group, we cannot assume that echocardiography is a sensitive 
predictor of cardiac performance after implantation. 

I guess, to sum up, we might ask ourselves if there are any 
donor hearts that should not be utilized. We think that the 
answer is still yes, but not too many. We still refuse donor hearts 
that are severely damaged as a result of blunt or penetrating 
trauma. We do not recommend using small hearts in the ortho- 
topic position when the recipient pulmonary pressures are high. 
Although we had formerly avoided hearts from older donors 
with known coronary artery occlusive disease, we have recer.tly 
performed left internal mammary artery to left anterior descend- 
ing coronary artery bypass as part of the transplant procedure, 
and the results have been good; this may be attempted more 
often in the future. 

Last, we would like to point out that many of the HRD hearts 
that are not acceptable for use in an orthotopic position could 
conceivably be used in a heterotopic position, functioning then as 
both an allograft and a human ventricular assist device, without 
the need to assume the entire circulatory burden. We think that 
standard donor criteria are logical and safe, and they have served 
cardiac transplant surgeons and their patients well for many 
years. There are occasions, however, when these criteria might 
be carefully extended in addressing a supply/demand mismatch. 
Our experience indicates that such a strategy may be appropriate 
for certain recipients and, when prudently applied, may result in 
a savings of both lives and money. 
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Cardiothoracic Surgery Section, Audie L. Murphy Veterans’ Hospital, San Antonio, Texas, and Cardiology Section, Denver 


Veterans’ Hospital, Denver, Colorado 


This study was authorized by the Department of Veter- 
ans Affairs to improve the quality assurance of cardiac 
surgery by assessing preoperative risk factors and relat- 
ing them to operative mortality. Data were received on 
10,480 patients over a 2-year period. Preoperative risk 
variables were subjected to univariate and multivariate 
logistic regression analyses. Significant variables for 
coronary artery bypass grafting after logistic regression 
analysis in order of importance are previous cardiac 
operation, priority of operation, New York Heart Asso- 
ciation functional class, peripheral vascular disease, age, 
pulmonary rales, current diuretic use, and chronic ob- 
structive pulmonary disease. For patients undergoing 


(e mortality rates from cardiac surgical proce- 
dures are helpful in making an informed decision 
regarding surgical intervention for an individual patient 
and in assessing quality of care. In the assessment of 
quality of care, the actual operative mortality of an insti- 
tution or cardiac surgical team can be compared with the 
expected operative mortality predicted from the risk char- 
acteristics of the patients undergoing surgical interven- 
tion. It has been only within the last several years that 
data have become available to allow quantification of 
operative risk from preoperative patient characteristics for 
both coronary artery bypass grafting [1-7] and valve 
replacement [8-15]. There is some information to suggest 
that predictors of operative risk change over time, neces- 
sitating continual monitoring [16-19]. A more recent in- 
crease in operative mortality is attributed to the increased 
risk of patients undergoing cardiac operations [20]. 

As quality assurance of medical care in cardiac surgery 
is being increasingly emphasized, it is imperative that 
more sophisticated methods of evaluating the quality of 
cardiac surgery be identified. In 1986, the Department of 
Health and Human Services Health Care Financing Ad- 
ministration released a list of hospitals in which mortality 
rates for Medicare patients allegedly exceeded predicted 
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valve or other cardiac operations with or without coro- 
nary artery bypass grafting, those variables found to be 
significant after multivariate logistic regression analysis 
are priority of operation; age; peripheral vascular dis- 
ease; great vessel repair; all other except aortic valve 
replacement, mitral valve replacement, and great vessel 
repair; mitral valve replacement; and cardiomegaly. By 
identifying these current risk factors and the coefficients 
from the multivariate stepwise logistic regression analy- 
sis, expected mortality can be calculated. We propose 
that the ratio of observed to expected mortality is a better 
measure of quality of care than unadjusted mortality. 
(Ann Thorac Surg 1990;50:12-28) 


mortality rates for those hospitals. It was thought by The 
Society of Thoracic Surgeons that this was an inappropri- 
ate use of raw mortality statistics. The Society formed an 
ad hoc committee on risk factors for coronary artery 
bypass surgery, and this committee issued the following 
statement: 


The Society of Thoracic Surgeons remains greatly con- 
cerned about the use of raw mortality data as the sole 
measure to determine quality of care following coronary 
artery bypass surgery. Use of such data without consider- 
ation of risk factors that are predictors of hospital mortality 
and of other indices of quality of care is inappropriate and 
misleading and may adversely affect the care of the high- 
risk cardiac surgical patient [21]. 


Since 1972, the Department of Veterans Affairs (VA) has 
had a committee to review the quality of cardiac surgery at 
the approximately 50 VA Medical Centers authorized to 
perform this procedure (Appendix 1). This committee, 
known as the VA Cardiac Surgery Consultants Commit- 
tee, meets twice yearly and uses operative mortality 
statistics submitted by the individual program directors as 
one measure of quality of care. It has become increasingly 
apparent to this committee that raw mortality statistics are 
an inadequate means by which to determine the quality of 
cardiac surgery. Indeed, the use of unadjusted operative 
mortality data for quality of care assessment could have 
an adverse ethical effect on the judgment of cardiac 
surgeons in that they might turn down very high risk 
patients whose only chance for survival would be opera- 
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Table 1. Relationships of Preoperative Continuous Variables to Operative Mortality for Patients Having Coronary Artery Bypass 








Grafting" 
Survivors Nonsurvivors 

Variable No. Mean + SD No. Mean + SD p Value 
Age 8,136 61.0 8.0 412 63.2 7.8 0.002 
Weight (kg) 7,877 82.67 14.04 390 80.64 15.17 0.009 
BSA (mô) f _ 7,856 1.96 0.2 389 1.94 0.18 0.007 
Creatinine — 6,925 112.27 70.72 339 123.76 44.2 0.023 

(umol/L [mg/dL]) (1.27) (0.8) (1.4) (0.5) 
PaO, (mm Hg) 2,943 79.2 11.9 154 | 77.2 13.0 . 0,042 
FEV, n 2,481 2:7 0.7 104 2.4 0.7 0.001 
Height (cm) 7,859 172.5 7.75 389 171.75 7.25 0.084 
PaCO, 2,994 37.1 60 158 36.6 5.0 0.252 
LV systolic pressure (mm Hg) 5,247 131.1 23.4 245 135.8 25.9 0.003 
Aortic systolic pressure (mm Hg) 5,317 130.6 23.6 256 135.6 26.1 0.001 
PA systolic pressure (mm Hg) 1,789 30.1 11.0 101 32.4 11.4 0.047 
PA wedge pressure (mm Hg) 1,804 13.1 6.5 107 14.9 7.6 0.005 
Cardiac index (Limin/m?) 1,787 2.9 1.0 100 . 2.6 0.7 0.091 
LV ejection fraction 6,525 0.54 0.14 337 0.50 0.15 0.091 
Left main stenosis (%) 5,626 23.1 32.1 289 36.4 37.9 0.001 
LAD stenosis (%) 7,424 82.7 21.0 362 86.0 19.9 0.008 
Right (with PDA) stenosis (%) 7,241 82.3 27.2 361 86.9 22.8 0.006 
Circumflex (with marginals) 7,063 75.5 29.0 352 79.3 26.2 0.017 

stenosis (%) 
MD’s estimate of operative 6,315 4.9 4.8 322 » 100 11.6 0.001 

mortality (%) 
Distal disease score 4,615 1.8 1.8 231 2.3 1.9 0.001 
LV contraction score 6,322 8.3 3.6 290 9.5 4.1 0.C02 
LVEDP (mm Hg) 5,152 15.9 7.8 240 17.0 8.6 0.051 
Right atrial pressure (mm Hg) 1,629 6.5 4.1 93 6.6 4.2 0.722 
LVEDV (mL) 1,633 144.3 58.5 69 148.1 64.1 0.896 


a During the 2-year period of this study, 8,569 patients underwent coronary artery bypass grafting; 414 (4.8%) died, 


BSA = body surface area; 
ular; LVEDP = left ventricular end-diastolic pressure; 
pulmonary artery;  PaCO, = arterial carbon dioxide tension; 
standard deviation. 


tive treatment. Therefore, the committee requested and 
was authorized by the VA to perform a risk assessment 
study for cardiac surgery within the Depar:ment. The 
purpose of this initial report is to present the significant 
risk factors for operative death for cardiac surgical pa- 
tients during the first 2 years of data accrual. 


Material and Methods 


All VA cardiac surgical centers were asked to complete a 
single-page data form on each patient undergoing cardiac 
or great vessel procedures requiring cardiopulmonary 
bypass (Appendix 2). Clinical data included age, sex, 
height, weight, history of angina, chronic obstructive 
pulmonary disease, or associated diseases, smoking his- 
tory, current medication for cardiac condition, history of 
previous cardiac operation, history or clinical evidence of 
congestive heart failure, electrocardiographic changes of 


FEV, = forced expiratory volume in 1 second; 
LVEDV = left ventricular end-diastolic volume; 
PaO, = arterial oxygen tension; 


LAD = left anterior descending coronary artery; LV = left ventric- 
MD = surgeon or cardiologist; PA = 
PDA = posterior descending coronary artery; SD = 


ST depression or left ventricular (LV) hypertrophy, pre- 
vious myocardial infarction, rest versus exertional angina, 
New York Heart Association functional class, creatinine 
value, arterial oxygen tension, arterial carbon dioxide 
tension, forced expiratory volume in 1 second, and oper- 
ation within 7 days of angioplasty. 

Also included was the estimate by the surgeon of oper- 
ative death and the priority of operation, ie, elective, 
urgent, or emergent. The priority of operation was deter- 
mined by the surgeon. Emergency procedures were usu- 
ally performed on the day of catheterization. Urgent 
procedures were performed within several days after 
catheterization because further delay or discharge from 
the hospital was thought to be associated with increased 
risk.. Procedures that could be scheduled at a convenient 
time were deemed elective. . 

Catheterization and angiographic data were right and 
left heart pressures, cardiac index, LV ejection fraction, 
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Fig 1. Effect of age on operative mortality for patients undergoing 
coronary artery bypass grafting. There is a marked increase in mortal- 
ity for patients 80 years old or older (11.4%) versus younger patients 
(4.8%). 


LV end-diastolic volume, location and severity of coro- 
nary stenosis, graftability of each vessel, and LV contrac- 
tion score [22]. Operative data consisted of the surgical 
procedure including whether saphenous vein or internal 
mammary artery conduits were used, cross-clamp time, 
lowest myocardial temperature, and perioperative use of 
intraaortic balloon assist. Outcome data included opera- 
tive death (30 days, or longer if a result of the operation) 
and complications. 

In May and November of each year, statistical analyses 
were performed to assess the performance of each cardiac 
surgical center and to identify variables predictive of 
operative mortality. Identification of prognostic variables 
was performed separately for two groups of patients: 
those having coronary artery bypass grafting with and 
without left ventricular aneurysmectomy and those hav- 
ing valve operation or another cardiac surgical procedure 
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Fig 2. Effect of weight on operative mortality for patients undergoing 
coronary artery bypass grafting. Of interest is the fact that low 
weight, less than 58.5 kg (130 Ib), is associated with a greater opera- 
tive mortality than higher weight and obesity. 
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with or without coronary artery bypass grafting. Because 
the latter group is heterogeneous, indicator variables 
identifying separately patients undergoing aortic valve 
replacement, mitral valve replacement, great vessel re- 
pair, and all others were added to the multivariate anal- 
yses. 

The analyses were performed in two stages, a univari- 
ate screening process and a multivariate stepwise logistic 
regressior. analysis similar to that used in the VA Coop- 
erative Study on Valvular Disease [15]. The significance of 
the difference between means of continuous variables and 
the distribution of discrete variables for operative survi- 
vors and ceaths was tested with Student's t test for paired 
data and the y” statistic, respectively. Variables having a p 
value of less than 0.2 were entered into the logistic 
regression analysis with operative death as the dependent 
variable. 


Results 


Coronary Artery Bypass Grafting 


During the 24-month period from April 1, 1987, through 
March 31, 1989, 10,480 forms were received from 47 of the 
48 hospitals performing cardiac operations. During that 
period, 14,475 cardiac procedures were performed. Thus, 
forms were received on 72% of patients having operation. 
There were 8,569 patients who underwent coronary artery 
bypass grafting, 414 (4.8%) of whom died. 

The results of the univariate analyses of preoperative 
continuous variables are shown in Table 1, and all but five 
of the variables were significant (p < 0.05). Those with a p 
value of less than 0.01 are age, weight, body surface area, 
forced expiratory volume in 1 second, LV systolic pres- 
sure, aortic systolic pressure, mean pulmonary artery 
wedge pressure, cardiac index, LV ejection fraction, per- 
cent left main coronary artery stenosis, percent left ante- 
rior descending coronary artery stenosis, percent right 
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FEV, (liters) 


Fig 3. Effect cf forced expiratory volume in 1 second (FEV,) on opera- 
tive mortality for patients undergoing coronary artery bypass grafting. 
Patients with an FEV, of less than 1.25 Lis have an operative mortal- 
ity of 11.7% compared with 3.8% for those with an FEV, of greater 
than 1.25 Lis. i 
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_ coronary artery stenosis, physician's estimate of operative 


mortality, distal disease score, and LV contraction score. 
Figures 1 through 5 display these data in a more useful 
clinical decision-making format by transforming some 


into discrete variables. Variables identifying patients with _ 


a twofold or greater increase in operative mortality are age 
less than 80 years (4.8% mortality) versus age equal to or 
greater than 80 years (11.4%) (see Fig 1), weight less than 
58.5 kg (130 Tb) (9.6%) versus weight equal to or greater 
than 58.5 kg (4.6%) (see Fig 2), forced expiratory volume 
in 1 second less than 1.25 L (11.7%) versus forced expira- 
tory volume in 1 second equal to or greater than 1.25 L 
(3.8%) (see Fig 3), ejection fraction less than 0. 20 (13.8%) 
versus ejection fraction equal to or greater than 0.20 
(4.9%) (see Fig 4), and LV contraction score less than 15 
(4.0%) versus LV contraction score equal to or greater 
than 15 (8.3%) (see Fig 5). 

Tables 2 and 3 compare operative eee by the 
presence or absence of 33 preoperative discrete variables 
in patients undergoing coronary artery bypass grafting. 
Twenty-one of these are significant predictors of operative 
mortality. Variables identifying patients with a twofold or 
more increase in operative mortality are intravenous ad- 
ministration of nitroglycerin preoperatively (¢.4% mortal- 
ity versus 3.8%), previous cardiac operation (12.5% versus 
3.9%), pulmonary rales (12.0% versus 4.3%), preoperative 
use of an intraaortic balloon pump (15.8% versus 4.5%), 
New York Heart Association functional class IV versus 
classes I, II, or III (8.0% versus 3.3%), emergent priority of 
operation versus urgent or elective operations (12.6% 
versus 4.2%), pleural effusion (16.7% versus 5.2%), and 
poor general medical condition versus fair or good condi- 
tion (18.8% versus 3.8%). 

Figures 6 and 7 describe the derdag of the pre- 
dictive models for, patients undergoing coronary artery 
bypass grafting. The preoperative variables were divided 
into three groups: noninyasive variables reflecting chronic 
status, noninvasive variables reflecting acute status, and 
invasive variables. Because substantially more data were 
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Fig 4. Effect of ejection fraction on operative mortal- 
ity for patients undergoing coronary artery bypass 
grafting. There is a progressive increase in operative 
mortality as ejection fractions decrease with a 13.8% 
operative mortality for patients with ejection fractions ` 
less than 0.20. 


30. 70 


missing for the invasive variables, we developed two 
models: one based on the noninvasive variables (see Fig 6) 
and one based on the noninvasive plus the invasive 
variables (see Fig 7). Univariate analyses were performed 
on all preoperative variables (see Tables 1-3). Variables 
with a p value of less than 0.2 on univariate ‘analysis and 
with less than 20% of data missing were entered into a 
stepwise logistic regression analysis in the groups just 
described. The significant (p < 0.05) variables from these 
analyses are listed in order of significance in the two 
rectangles in the middle of Figure 6; these significant 
variables were combined in a third logistic regression 
analysis to give the final noninvasive model consisting of 
(in order of significance) prior cardiac operation, priority 
of operation, New York Heart Association functional 
class, peripheral vascular disease, age, pulmonary rales, 
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Fig 5. Effect of left ventricular (LV) contraction score on operative 
mortality for patients undergoing coronary artery bypass grafting. An 
increase in LV contraction score correlated with an increased operative 
mortality. Those patients with a score of 15 or more had an operative 
mortality of 8.3% compared: with 4% for those with a score of less 
than 15. 
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Table 2. Discrete Variables Predictive of Operative Mortality For Patients Having Coronary Artery Bypass Grafting 





* Significance: p < 0.001 for class IV versus classes L Il, and HI 
priorities. 
CHF = congestive heart failure; 
= myocardial infarction; | NYHA = New York Heart Association. 


current diuretic use, and chronic obstructive pulmonary 
disease (COPD). Estimated mortality can be calculated 
from the logit equation. 

The development of the model using both noninvasive 
and invasive variables is‘ depicted in Figure 7. Four 
invasive variables were significant on univariate analysis 
and had less than 20% missing data; three of these 
entered the final invasive model: LV ejection fraction, 
percent right coronary artery stenosis, and percent left 


COPD = chronic obstructive pulmonary disease; IABP = 


Variable Absent Variable Present 
No. of Operative No. of Operative . 
Variable Patients Deaths % Patients Deaths % p Value 
COPD 6,048 262 4.3 2,092 134 6.4 0.001 
IV nitroglycerin preoperatively 6,546 247 3.8 1,477 139 9.4 0.001 
Prior cardiac operation 7,645 299 3.9 888 111 12.5 0.001 
History of CHF 7,092 304 4.3 1,176 97 8.2 0.001 
Current diuretic use 5,958 234 3.9 2,063 146 7.1 0.001 
Peripheral vascular disease 6,128 240 3.9 1,889 144 7.6 0.001 
Cerebrovascular disease 6,850 293 4.3 1,165 91 7.8 0.001 
Pulmonary rales 7,465 323 4.3 523 63 12.0 0.001 
Resting ST depression 6,496 271 4.2 1,394 109 7.8 0.001 
. Preop IABP 8,028 363 4.5 279 44 15.8 0.001 
Cardiomegaly (roentgenogram) 6,850 290 4.2 1,163 97 8.3 0.001 
Old MI (> 30 days) 3,606 135 3.7 4,482 249 5.6 0.001 
Recent MI (< 30 days) 6,657 284 4.3 1,499 111 7.4 0.001 
Rest angina 3,500 120 3.4 4,404 267 6.1 0.001 
Exertional angina 622 18 2.9 7,425 364 4.9 0.024 
NYHA functional class l 
I 251 2 0.8 0.001? 
1 1,555 36 2.3 
m 3,417 132 3.9 
IV 2,523 201 8.0 
Priority of operation 
Elective 5,229 183 3.5 0.001? 
‘Urgent 2,149 127 5.9 
Emergent 634 80 12.6 
No. of stenotic vessels 
0o 26 0 0 0.001 
1 448 10 2.2 l 
2 1,862 64 3.4 
3 ne oe <r 4,443 255 5.7 
Left main stenosis = 50% 4,210 163 3.9 1,705 126 7.4 0.001 
Pleural effusion 2,892 150 5.2 42 7 16.7 0.006 
General medical condition - 
Good 1,488 38 2.6 0.001° 
Fair 1,826 87 4.8 
Poor 319 60 - 18.8 


> Significance: p< 0.001 for emergent priority versus urgent and elective 
© Significance: p < 0.001 for poor general condition versus godd and fair general condition. 


intraaortic balloon pump; IV = intravenous; MI 


anterior descending coronary artery stenosis. However, 
none of these contributed additional prognostic informa- 
tion to the noninvasive model. 


Valve or Other Cardiac Operation 

Table 4 demonstrates the relationship of preoperative 
continuous variables and operative death for patients 
undergoing valve or other cardiac operations with or 


ae 
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Table 3. Discrete Variables Not Predictive of Operative Mortality for Patients Having Coronary Artery Bypass Grafting 





Variable Absent 


` Variable Present 








No. of Operative No. of Operative 

Variable Patients Deaths % Patients Deaths % p Value 
Race 

White 7,410 345 4.7 0.104 

Black 552 36 6.5 

Other 334 13 3.9 
Sex 

Male 8,477 408 4.8 0.726 

Female re ar jal 70 4 5.7 
Diabetes 6,065 275 4.5 1,994 111 5.6 0.061 
Current smoking 4,686 208 44 - 3,379 174 5.1 0.138 
Ever smoked 972 36 3.7 7,003 346 4.9 0.091 
Active endocarditis 8,036 389 4.8 25 0 0 0.259 
Operation within 7 days of 8,119 390 4.8 240 15 6.3 0.304 

angioplasty 
Current digitalis use 7,089 324 4.6 939 53 5.6 0.144 
Current B blocker use 3,633 168 4.6 4,361 212 4.9 0.620 
Current Ca?* blocker use 1,495 62 4.1 6,523 318 4.9 0.232 
LV hypertrophy ‘ECG) 6,804 316 4.6 1,030 61 5.9 0.074 
Hypertension 3,345 156 4.7 4,652 232 5.0 0.507 





ECG = electrocardiogram; LV = left ventricular. 


without coronary artery bypass. Ten of the 24 continuous 
variables listed were significant (p < 0.05). Those with a p 
value of less than 0.01 are age, serum creatinine level, 
pulmonary artery systolic pressure, mean pulmonary 
artery wedge pressure, mean right atrial pressure, LV 
ejection fraction, percent left anterior descending coro- 
nary artery stenosis, percent right coronary artery ‘steno- 
sis, physician's estimate of mortality, and LV contraction 
score. 

To make these data items more useful in clinical deci- 
sion making, the variables just listed were transformed 
into discrete variables. Variables identifying patients with 
a twofold or more increase in operative mortality are 
serum creatinine level less than 132.6 wmol/L (1.5 mg/dL) 
(7.7%) versus serum creatinine level equal to or greater 
than 132.6 pmol/L (16.3%), pulmonary artery systolic 
pressure less than 50 mm Hg (5.5%) versus pulmonary 
artery systolic pressure equal to or greater than 50 mm Hg 
(15.4%) (Fig 8), mean pulmonary artery wedge pressure 
less than 13 mm Hg (6.7%) versus mean pulmonary artery 
wedge pressure equal to or greater than 13 mm Hg 
(14.2%), mean right atrial pressure less than 8 mm Hg 
(5.9%) versus mean right atrial pressure equal to or 
greater than 8 mm Hg (13.4%), LV ejection fraction less 
than 0.40 (14.5%) versus LV ejection fraction equal to or 
greater than 0.40 (6.3%) (Fig 9), arid LV contraction score 
less than 15 (7.3%) versus LV contraction score equal to or 
greater than 15 (17.5%) (Fig 10). 

Tables 5 and 6 show operative mortality according to 33 
discrete variables; 15 of these demonstrate significant 
differences. Variables identifying patients with a twofold 


or more increase in operative mortality are active en- 
docarditis (18.4% versus 8.6%), peripheral vascular dis- 
ease (17.2% versus 7.8%), New York Heart Association 
functional class IV versus classes I, II, or IH (16.0% versus 
6.6%), emergent priority of operation versus urgent or 
elective operations (24.0% versus 7.5%), pleural effusion 
(16.3% versus 7.9%), and poor general medical condition 
versus fair or good condition (21.5% versus 6.4%). 

Figure 11 illustrates the development of the noninva- 
sive risk model for patients undergoing valve or other 
cardiac operation. The methods are the same as for 
patients undergoing coronary artery bypass grafting ex- 
cept for the use of the indicator variables: mitral valve 
replacement, great vessel repair, and all others except 
aortic valve replacement, mitral valve replacement, and 
great vessel repair. The significant variables for the non- 
invasive model in order of decreasing significance are 
priority of operation, age, peripheral vascular disease, 
great vessel repair, all other procedures (except aortic 
valve replacement, mitral valve replacement, and great 
vessel repair), mitral valve replacement, and cardiomeg- 
aly. No invasive variables with less than 20% missing data 
were significant by univariate analysis and therefore they 
were not entered into the multivariate logistic regression 
analysis. Estimated mortality can be calculated from the 
logit equation. 


Comment 


The Department of Veterans Affairs has a unique system 
of quality of care assessment or quality assurance in 
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Fig 6. Results of univariate analysis and logistic 
regression analysis of noninvasive variables re- 
flecting both the chronic and acute status of pa- 
tients undergoing coronary artery bypass grafting 
(n = 8,569). The bottom box lists the variables in 
order of significance after the combined multivari- 


ate regression analysis. (BSA = body surface area; 


CHF = congestive heart failure; COPD = 
chronic obstructive pulmonary disease; ECG = 
electrocardiographic; IABP = intraaortic balloon 
pump; IV = intravenous; LVH = left ventricular 
hypertrophy; MI = myocardial infarction; NTG 
= nitroglycerin; NYHA = New York Heart As- 
sociation.) 
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cardiac surgery. Since 1972, all cardiac surgical operations 
performed in the VA system have been reviewed by a 
central committee semiannually. It has become clear to 
the Cardiac Surgery Consultants Committee that to ade- 
quately and fairly assess the quality of cardiac surgery, the 
risk of the patient population and not just raw mortality 
data must be taken into consideration. Hanlon, in his 
presidential address to the American College of Suppers 
[23], stated: 


Outcome and its bare essentials concerns mortality and 

morbidity, but the interpretation of these indicators of 

quality must be modified by data of how ill the patient was . 
on entry and by other severity-of-ilIness measures, such as 

the patient’s age and the presence of diseases other than 

the presenting reason for treatment. Neglect of severity- 

of-illness factors blighted the credibility of last years’ 

federal statistics on hospital mortality, and the second 

public release of such data this month may suffer from a 

similar flaw. 


Kouchoukos and colleagues [21] wrote: 


Analyses incorporating these and possibly other variables 
[preoperative risk variables] permit stratification and iden- 


N=6770 (79.0%) 


PRIOR HEART SURGERY 
AGE — 


PULMONARY RALES 
PERIPH. VASC. DISEASE PRIORITY OF SURGERY 
CARDIOMEGALY CURRENT DIURETIC USE 
COPD IV NTG USE 
CURRENT SMOKER 









N=G544 (76.4%) 









NYHA FUNCTIONAL CLASS 






































LOGISTIC REGRESSION 
p<.05 


N=7024 (82.0%) 


PRIOR HEART SURGERY 
PRIORITY OF SURGERY 
NYHA FUNCTIONAL CLASS 
PERIPH. VASC. DISEASE 


AGE 
PULMONARY RALES 
CURRENT DIURETIC USE 
coPD 





tification of subgroups of patients that are at different 
levels of risk for coronary artery surgery. Such analyses 
will also permit computation of risk models and expected 
operative mortality rates. Comparison of these expected or 
predicted operative mortality rates with observed mortal- 
ity rates from different institutions will provide a more 
meaning:ul assessment of quality of care than the data 
provided by HCFA. 


Extensive studies have been performed evaluating pre- 
operative risk factors in patients undergoing myocardial 
revascularization. Hammermeister and Kennedy [1] re- 
ported in 1974 that surgical mortality was significantly 
increased in patients with elevated LV end-diastolic vol- 
umes, patients with ejection fractions less than 0.33, and 
patients with LV end-diastolic pressures greater than or 
equal to 18 mm Hg. 

Loop and colleagues [2] in 1975 noted an increased risk 
for revascularization inpatients with marked cardiomeg- 
aly and compensated congestive heart failure, triple- 
vessel coronary artery disease or obstruction of the left 
main coronary artery (or both), generalized impairment of 
LV contraction or segmental LV scar, and elevated LV 
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end-diastolic pressure. In their experience, the presence 
of congestive heart failure exerted the most influence on 
the probability of dying. 

Kennedy and colleagues [3-5] from the Coronary Ar- 


coronary artery bypass grafting were age greater than 70 
years, severe (more than six stenoses) coronary artery 
involvement, diffuse disease, positive family history, and 
the number of coronary arteries bypassed. 

In the late 1970s and early 1980s, there were several 
reports of a decrease in operative mortality in spite of 
increasing risk factors in coronary bypass patients. 


Kouchoukos and co-workers [16] reported in 1980 that in 
spite of operating on patients at greater risk of dying, the 
operative mortality had decreased for coronary artery 
bypass grafting from 2.7% in the early 1970s to 1.2% in the 


3- tery Surgery Study (CASS) found that mortality increased Iate 1970s. They attributed this improvement in survival 
with age, female sex, presence of congestive heart failure, to better perioperative management, including anesthetic 
number of vessels involved, and left main coronary artery and surgical techniques and intraoperative myocardial 
stenosis, particularly in patients with left dominant circu- protection. In 1983, Miller and associates [17] reported a 
lations. Operative mortality increased with impaired LV similar trend of increase in risk factors in a group operated 
ejection fraction and with a higher LV wall motion score. on more recently but a decline in rates of perioperative 
In addition, urgent and emergent operations were found myocardial infarction and operative mortality. Factors 
to have a higher mortality rate. The main factors identified pertinent for the operations performed in the preceding 
by discriminant analysis of 6,176 patients in descending era were no longer determinants in the latter era with the 
order of importance were age, left main coronary artery exception of emergency operation and congestive heart 
stenosis greater than 90%, female sex, LV wall motion failure. 
score, LV end-diastolic pressure, and rales. Cosgrove and colleagues [18] reported similar findings 

Wright and associates [7] reported that factors predic- and noted that operative mortality decreased from 1.2% to 

X tive of operative mortality in patients undergoing elective 0.8% over a 10-year period. Of interest is that risk factors 


for the study period as a whole in decreasing order of 
significance were emergency operation, congestive heart 
failure, left main coronary artery disease, female sex, 
history of congestive heart failure, advanced age, normo- 
thermic arrest, number of grafts, poor ventricular func- 
tion, and incomplete revascularization. Only advanced 
age, emergency operation, female sex, and congestive 
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Table 4. Relationships of Preoperative Continuous Variables to Operative Mortality for Patients Having Valve Operation or 


Other Cardiac Operation* 








Survivors Nonsurvivors 
Variable ` No. Mean + SD No Mean + 8D p Value 
‘Age 1,733 60.4 (10.8 176 63.7 9.5 0.001 
Creatinine (umol/L[mg/dL]) 1,450 114.91 76.02 155 149.4 132.6 0.001 
(1.3) (0.86) (1.69) (1.50) 
PA systolic pressure (mm Hg) l 1,178 41.5 18.7 109 51.3 ` 20.7 0.001 
PA wedge pressure (mm Hg) 1,158 18.5 9.5 110 22.9 9.9 0.001 
Right atrial pressure (mm Hg) 1,040 7.3 5.4 102 10.1 6.6 0.001 
LV ejection fraction 1,266 0.52 0.16 110 0.47 0.16 0.001 
LAD stenosis (%) 1,189 33.4 38.2 115 44.5 40.9 0.003 
Right (with PDA) stenosis (%) 1,189 36.6 41.4 118 50.0 43.7 0.001 
MD's estimate of operation 1,264 8.9 8.3 137 © 221 21.4: 0.001 
mortality (%) i 
LV contraction score 1,206 7.7 3.5 108 9.1 4,4 0.001 
Height (cm) 1,674 172.75 8 172 171.75 7.25 0.194 
Weight (kg) 1,677 77.54 14.22 172 76.41 15.26 0.323 
BSA (m°?) 1,673 1.9 0.18 172 1.89 0.19 0.192 
PaO, (mm Hg) 681 78.4 13.1 70 78.7 13.5 0.843 
PaCO, (mm Hg) 687 36.0' 6.4 71 36.2 5.2 0.867 
FEV, 582 2.4 0.8 48 2.2 1.0 0.092 
LV systolic pressure (mm Hg) 1,131 160.7 42.2 112 154.3 43.1 0.126 
Aortic systolic pressure (mm Hg) 1,177 129.4 26.3 114 130.0 25.9 0.808 
LVEDP (mm Hg) 1,083 19.2 9.7 107 20.7 9.2 0.129 
Cardiac index (L/min/m?) 851 2.7. 1.1 79 26 1.3 0.474 
LVEDV (mL) 317 176.1 85.0 22 173.8 68.1 0.903 
Left main stenosis (%) 1,053 5.8 18.0 101 8.2 22.7 0,215 
Circumflex (with marginals) 1,151 30.3 39.1 106 36.9 41.4 0.096 
stenosis (%) 
Distal disease score 454 11 1.5 40 1.1 1.5 0.692 


* During the 2-year period of this study, 1,912 patients underwent a valve operation or a cardiac procedure with = without coronary artery bypass; 176 


(9.2%) died. 
Abbreviations are the same as in Table 1. 


heart failure persisted as predictors of operative mortality 
during the last time period of 1980 through 1982, and 
incomplete revascularization and an abnormal electrocar- 
diogram emerged as new risk factors. 
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Fig 8. Effect of pulmonary artery systolic pressure on operative mor- 
tality for patients undergoing valve or other cardiac operations. There 
is a marked increase in operative mortality for patients with pressures 
of 50 mm Hg or higher. 


In 1988 however, Naunheim and co-workers [20] 
found a significant increase in the preoperative risk fac- 
tors of their patients who had had more recent operation 
and also an increase in the operative mortality. Preoper- 


` ative risk factors that increased over a 10-year period were 


mean age, presence of congestive heart failure, LV dys- 
function, severity of coronary artery disease, incidence of 
emergency operation, and incidence of associated dis- 
eases (higher frequency of diabetes, chronic lung disease, 
hypertension, renal dysfunction, and peripheral vascular — 
and cerebrovascular disease). The operative mortality 
increased irom 1% to 8% over the 10 years chiefly because 
of the number of patients undergoing emergency opera- 
tion. 

It is thus quite apparent that preoperative risk factors 
for the operative mortality of coronary artery bypass 
grafting change with time. There is little doubt, as 
Kouchoukos and colleagues [21] noted in their report of 
The Society of Thoracic Surgeons’ ad hoc committee on 
risk factors in coronary artery bypass surgery, that major 
risk factors for coronary artery bypass grafting that are 
increasing include advanced age, reoperation, emergency 
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operation, and incidence of associated diseases. It could 
be that the increased risk factors are now beginning to 
catch up with the advanced technology in myocardial 
preservation, anesthesia management of patients, and 
preoperative and postoperative management. The VA 
statistics over the past 17 years substantiate this, with 
operative mortality for patients having multiple coronary 
artery bypass grafting procedures decreasing to a low of 
3% in 1980 but rising as high as 4.8% in 1988. 

Similar data have been obtained for patients undergo- 
ing valve operations. Scott and colleagues [8] reported in 
1985 that independent determinants of operative mortal- 
ity in patients undergoing aortic valve replacement were 
advanced New York Heart Association functional class, 
renal dysfunction, physiological subgroup, atrial fibrilla- 
tion, and older age. In the aortic regurgitation subgroup, 
functional class, atrial fibrillation, and operative year were 
independent predictors. In the aortic stenosis subgroup, 
functional class, renal dysfunction, age, prosthetic valve 
dysfunction, and absence of angina were all significant. 
Scott and colleagues [9] also reported the results of a 
similar analysis of patients undergoing mitral valve re- 


placement. Important predictors of mortality in these ` 


patients were New York Heart Association functional 
class, previous myocardial infarction, hepatic dysfunc- 
tion, age, and emergency operation. 

Christakis and associates [10] examined risk factors 
predictive of operative mortality in mitral valve operations 
and found the following independent risk factors in 
descending order of significance: New York Heart Asso- 
ciation functional class, age, presence of coronary artery 
disease, presence of mitral regurgitation, and need of a 
tricuspid annuloplasty. Magovern and co-workers [11] 
reported on risk factors in patients undergoing mitral 
valve replacement and noted that those factors predictive 
of operative death were cardiogenic shock, New York 
Heart Association functional class IV, LV end-diastolic 
pressure greater than 15 mm Hg, and age greater than 60 
years. Two years later, Magovern and co-workers [12] 
presented their aortic valve experience, which demon- 
strated that by multivariate analysis, the independent risk 
factors were emergency operation and patient age greater 
than 70 years. Although patients who had aortic valve 


p<0.01 
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Fig 9. Effect of ejection fraction on operative mortal- 
ity for patients undergoing valve or other cardiac op- 
erations. Patients with a left ventricular ejection frac- 
tion of less than 0.40 have a significantly greater 
operative mortality (14.5%) compared with those with 
higher ejection fractions (6.3%). 


>0.70 


n=201 


replacement combined with coronary artery bypass graft- 
ing had a higher mortality, the combined operation was 
not an independent predictor. 

Christakis and coauthors [14] examined independent 
predictors of operative mortality for aortic valve replace- 
ment, mitral valve replacement, and double-valve replace- 
ment. Risk factors predictive in aortic valve replacement 
included urgent operation, endocarditis necessitating ur- 
gent operation, previous aortic valve operation, coronary 
artery operation, and age. Independent risk factors for 
mitral valve replacement were urgent operation, endo- 
carditis, age, coronary artery disease, and preoperative 
LV ejection fraction. Risk factors predictive of operative 
mortality for double-valve replacement were urgent oper- 
ation, age, preoperative LV ejection fraction, and tricus- 
pid valve disease. 

A review of the results of our current study indicates 
that many of the risk factors in the studies cited are 
confirmed and that there is documentation of several 
additional risk factors. For coronary artery bypass pa- 
tients, increased age was confirmed as a significant pre- 
dictor of mortality. The effect of weight and body surface 
area was somewhat surprising in that rather than obesity 
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Fig 10. Effect of left ventricular (LV) contraction score on operative 
mortality for patients undergoing valve or other cardiac operations. 
Patients with an LV contraction score of 15 or higher have a muck 
greater risk of operative death than those whose contraction score îs 
less than 15. l 
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Table 5. Discrete Variables Predictive of Operative Mortality For Patients Having Valve or Other Cardiac Operation 








_ Variable Absent Variable Present 
No. of Operative No. of Operative 

Variable Patients Deaths % Patients Deaths % p Value 
COPD 1,263 96 7.6 535 72 13.5 0.001 
Active endocarditis 1,657 143 8.6 125 23 18.4 0.001 
Prior cardiac operation 1,521 124 8.2 378 50 13.2 0.002 
Current digitalis use 987 78 7.9 786 87 11.1 0.023 
Current diuretic use 772 57 7.4 995 107 10.8 0.015 
Peripheral vascular disease 1,479 115 7.8 285 49 i 17.2 0.001 
Pulmonary rales 1,295 107 8.3 `- 463 59 12.7 0.005 
Cardiomegaly 843 60 7.1 939 108 11.5 0.002 

(roentgenogram) 
Recent MI (< 30 days) 1,719 156 9.1 84 13 15.5 0.049 
Hypertension 1,060 82 7.7 708 86 12.1 0.002 
NYHA functional class 

I 148 16 10.8 0.001° 

H 327 23 7.0 

m 714 40 5.6 

IV 449 72 16.0 
Priority of operation’ 0.001” 

Elective 1,143 63 5.5 

Urgent 398 52 13.1 

Emergent 171 : 41 24.0 
No. of stenotic vessels i 0.005° 

0 641 42 6.6 
“4 164 19 11.6 

2 153 14 9.2 

3 igs stake ae 178 26 14.6 
Pleural effusion 567 45 7.9 80 13 - 16.3 0.015 
General medical condition 0.0014 

Good 289 13 4.5 

Fair 383 30 7.8 

Poor 135 29 . 21.5 





* Significance: p < 0.001 for class IV versus classes I, II, and Hl. 
priorities. 
condition versus good and fair condition. 

COPD = chronic obstructive pulmonary disease; 


being associated with a higher mortality, smaller patients 
had an increased risk. This was also noted by Rich and 
associates [24] in their study of patients older than 75 
years and by one [25] of the CASS studies, which dem- 
onstrated that the higher risk in female patients is the 
result of smaller body size. Our study, unlike previous 
studies, documented that the presence of COPD, as 
shown by hospitalization or medication usage for COPD, 
a decreased arterial oxygen tension, or a decreased forced 
expiratory volume in 1 second, was associated with a 
higher operative mortality. Hypertension, as measured by 
both LV systolic pressure and aortic systolic pressure, was 
noted to be a predictor of operative mortality. Ejection 
fraction was a strong predictor of mortality, as it has been 
in many studies [3-5]. Left main coronary artery stenosis 
was associated with increased mortality, particularly if it 
was equal to or greater than 70%. The LV contraction 


€ Significance: p < 0.005 for three stenotic vessels versus none, one, and two stenotic vessels. 


MI = myocardial infarction; 


» Significance: p < 0.001 for emergent priority versus urgent and elective 


4 Significance: p < 0.001 for poor general 


NYHA = New York Heart Association. 


score was noted to be a significant predictor of mortality, 
as in CASS studies [3-5]. 

When the discrete variables in VA patients undergoing 
coronary artery bypass grafting are examined by looking 
simply at whether the variable was absent or present, we 
find that the presence of COPD increased operative mor- 
tality by 1.5 times. This has not been reported previously. 
The use of intravenous nitroglycerin preoperatively in- 
creased mortality. Reoperation had a profound effect on 
operative mortality; it increased the risk 3.2 times. A 
history of congestive heart failure and other indices of 
failure was associated with an increase in operative mor- 
tality. Of interest is the effect of both peripheral vascular 
and cerebrovascular disease, the former causing a 1.9-fold 
increase in mortality and the latter, a 1.8-fold increase in 
mortality. These factors have not been identified in most 
other studies. 
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Table 6. Discrete Variabies Not Predictive of Operative Mortality for Patients Having Valve or Other Cardiac Operation 








Variable Absent Variable Present 
No. of Operative No. of Operative 

Variable Patients Deaths % Patients Deaths % p Value 
Race 

White (1) 1,555 137 8.8 0.219 

Black (2) 226 28 12.4 

Other (3) 81 8 9.9 
Sex 

Male (1) 1,866 173 9.3 0.637 

Female (2) pti ares aes 42 3 7.1 
Diabetes 1,532 ` 139 9.1 228 24 10.5 0.480 
Current smoking 1,095 96 8.8 675 70 10.4 0.261 
Ever smoked 325 28 8.6 1,417 135 9.5 0.611 
IV nitroglycerin 1,642 — 148 9.0 121 16 13.2 0.124 

preoperatively i 
Operation within 7 days of 1,835 169 9.2 13 2 15.4 0.342 

angioplasty ` 
History of CHF 784 60 7.7 1,048 108 10.3 0.052 
Current -blocker use 1,443 128 8.9 306 33 10.8 0.293 
Current Ca?* blocker use 1,251 117 9.4 499 45 9.0 0.827 
Cerebrovascular disease 1,538 144 9.4 221 20 9.0 0.881 
Resting ST depression 1,473 130 8.8 260 32 12.3 0,075 
LV hypertrophy (ECG) 812 77 9.5 915 86 9.4 0.953 
Preop IABP - l 1,796 162 9.0 44 8 18.2 0.058 
Old MI (> 30 days) 1,395 123 8.8 379 45 11.9 0.072 
Rest angina 1,384 ` 134 9.7 328 29 8.8 0.641 
Exertional angina 975 94 9.6 777 70 9.0 0.652 
Left main stenosis = 50% 1,069 91 8.5 85 10 11.8 0.307 


CHF = congestive heart failure; 
MI = myocardial infarction. 


ECG = electrocardiogram; IABP 


The use of an intrazortic balloon pump preoperatively 
was associated with a 3.5-fold increase in mortality. Rest 
angina was-associated with a 1.8-fold increase in mortal- 
ity. A patient in New York Heart Association functional 
class IV had a 2.1-fold greater chance of dying than a 
patient in functional class III. A patient having an emer- 
gent operation had a 3.6-fold greater chance of dying than 
a patient having an elective operation, and a patient 
having an urgent operation was 1.7 times more likely to 
die than a patient having an elective operation. 

In addition, this study demonstrated the usual increase 
in operative mortality associated with increasing numbers 
of stenotic vessels and the presencé of critical left main 
coronary artery disease. Pleural effusion had a profound 

3.2-fold effect on operative mortality. The physician’s 
impression of the patient’s general medical condition 
demonstrated a high correlation with outcome. 

Of the variables of significance in the logistic regression 
analysis, prior cardiac operation and priority of operation 
(elective versus emergent ‘versus urgent) were the two 
leading prognostic indicators. This is of considerable 
importance at this time because of the increasing number 
of patients having reoperation and patients operated on 
for unstable angina or during acute events. Somewhat 
unique in this study is the documentation of peripheral 


= intraaortic balloon pump; IV, = intravenous; LV = 


left ventricular; 


vascular disease and COPD as important predictors of 
operative mortality. Of note is the absence of sex as a 
predictor of mortality. This is largely due to the very 
limited number of women operated on in the VA system. 
Diabetes was almost a significant predictor of operative 
mortality. ` 

Continuous variables predictive of mortality for pa- 
tients undergoing a valve or other cardiac operation with 
or without coronary artery bypass grafting were increased 
age, decreased renal function, elevated pulmonary artery 
systolic pressure, mean pulmonary artery wedge pres- 
sure, right atrial pressure, decreased LV ejection fraction, 
percent left anterior descending or right coronary artery 
stenosis, and decreased LV contractility as denoted by the 
contraction’ score. These risk factors substantiate other 
study findings. 

When the findings for discrete variables for valve or 
other cardiac operation are reviewed, a greater risk is 
present for patients who have COPD, active endocarditis, 
prior cardiac operation, evidence of congestive heart 
failure, peripheral vascular disease, recent myocardial 
infarction, and hypertension. There is a 2.9 times greater 
chance of dying for those who are in functional class IV 
compared with those in ‘functional class III. There is a 4.4 
greater chance of dying for those who have an emergent 
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Figure 11. Results of univariate analysis and |. NONINVASIVE VARIABLES I, NONINVASIVE VARIABLES 
multivariate logistic regression analysis of nonin- REFLECTING CHRONIC STATS REFLECTING ACUTE STATUS 
vasive variables reflecting both the chronic and l f opa 
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operation versus an elective operation, and a 2.4 times 
- greater chance of dying for those who have an urgent 
versus an elective operation. There was no effect from 
race, and there was no difference in mortality between 
male and female patients; however, the proportion of 
nonwhite patients and female patients was small. There 
was some increase in operative mortality associated with 
the coexistence of coronary artery disease. In this study, 
COPD, prior cardiac operation, associated peripheral vas- 
cular disease, recent myocardial infarction, hypertension, 
and priority of operation were found to be strong predic- 
tors of operative mortality. 

The statistical techniques used for this study were very 
similar to those developed for CASS [3-5] and other 
studies [7, 17]. The statistical study involves first’ a 
Univariate analysis, which initially identifies variables 
thought to be either significant or marginally significant 
when tésted singly. Second, the variables are placed into 
a multivariate regression analysis, which is carried out in 
a stepwise manner, eliminating the variable with the least 
significance at each step until only significant variables (p 
< 0.05) remain. By this stepwise technique those varia- 
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bles that heve the strongest predictive power for operative 
mortality ere selected by eliminating those that have 
redundant prognostic information. This model not only 
selects those with the greatest predictive value, but it 
ranks them according to their relative influence. These 
can then te used in the formula to calculate the probabil 
ity of a surzical death. 

One sho-tcoming of this model is the amount of data 
required or. the VA data form. Although this data form is 
only one page long, it requires the entry of angiographic 
data including the grading of distal coronary artery dis- 
ease and tke LV contraction score, which take additional 
time. The methodology we have used in this VA study is 
still in the process of being refined. Observed to expected 
mortality rates are being calculated for each of the partic- 
ipating VA hospitals and for ten private and university 
hospitals so that a comparison can be made between the 
VA database and that of the other hospitals. This tech- 
nique must still be validated, and because of missing data 
items, the Gata collection must be simplified. Based on our 
initial 2-yeer gathering of risk ‘factors, we are now in a 
position to eliminate many of the factors that do not have 
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a strong predictive weight and thus simplify the data 
collection: 

This report summarizes the initial phases of a project to 
use operative mortality adjusted for patient risk as a 
measure of quality of care in cardiac surgery. Somewhat 
surprisingly, we found that all of the predictive informa- 
tion is carried in a small group of easily obtained rionin- 
vasive variables. The next phase of this study will be to 
simplify data.collection to improve completeness. An 
important subsequent step will be to identify process and 
structure care variables that predict outcome after patient- 
related risk factors have been taken into account. Thus, if 
deficient quality of care is identified, remedial steps and 
resources could be appropriately directed. 
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Appendix 1. Participating Physicians 

Cardiac Surgery Consultants Committee members: Chair: San 
Antonio, TX: Frederick L. Grover, MD; Asheville, NC: Stewart M. 
Scott, MD; Boston, MA: Sidney Levitsky, MD; Cleveland, OH: Jay 
L. Ankeney, MD; Columbia, SC: J. O'Neal Humphries, MD; 
Denver, CO: Karl E. Hammermeister, MD; Durham, NC:-David C. 
Sabiston, MD; Los Angeles, CA: Shahbudin H. Rahimtoola, MD; 
Madison, WI: George M. Kroncke, MD; ex officio members: 
Washington, DC: Armand A. Léfemine, MD, and Gerald O. 
McDonald, MD. 


Those responsible for data collection at VA Hospitals participat- 
ing in this study are: Albuquerque, NM: Stuart Pett, MD, Richard 
Rode, PA-C; Ann Arbor, MI: Mack Stirling, MD, Joyce Kerpchar, 
PA; Asheville, NC: Stewart Scott, MD, Mitch Saffie; Atlanta, GA: 
James ’Sink, MD, Gerard Forest, PA-C; Augusta, GA: Ganesh Pai, 
MD, Myra Metts; Birmingham, AL: Albert Pacifico, MD, Bill 
Holman, MD; West Roxbury/Brockton, MA: Shukri F. Khuri, MD, 
Sarah Orfici, PA, Rick Arnienia; Buffalo, NY: Leon Levinsky, MD, 
Michelle Lewis, RN; Charleston, SC: Carolyn Reed, MD, Buddy 
Wearmouth, PA; Chicago (West Side), IL: Norman A: Silverman, 
MD, Mandya Vishwanath, MD; Cleveland, OH: Diana Whittlesey, 
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MD; Columbia, MO: Richard A. Schmaltz, MD, Jo.LaFoy, CT 
Nurse; Dallas, TX: Aaron Estrera, MD, Burlean Huff, RN; Denver, 
CO: Glen Whitman, MD, Amy Cohan, RN, MN; Durham, NC: 
Kim Lyerly, MD, Julia Smith, CT Nurse Clinician; Gainesville, FL: 
Edward Staples, MD, Gertie Walker; Hines, IL: Roque Pifarre, 
.MD; Houston; TX: Arthur C. Beall, Jr, MD, Thomas Hurdle; 
Indianapolis, IN: Yousuf Mohamed, MD, Fran Correll, RN; lowa 
City, IA: Douglas M. Behrendt, MD, Deb Yoder,’ RN, Ann 
Hunter; Jackson, MS: E. Taliaferro Warren, MD; Kansas. City, MO: 
H. Daniel Lewis, MD, Wilma Payne, RN; Lexington, KY: Richard 
Floyd, MD, Patricia Martin; Little Rock, AR: Stephen VanDe- 
Vanter, MD, John Williams, PA; Memphis, TN: Charles Eastridge, 
MD, Betty Evans; MSN; Miami, FL: George M. Palatianos, MD, 
Lois Stockhousen; Milwaukee, WI: George Haasler, MD, Mary 
Ann T. Fabich; Minneapolis, MN: Herbert Ward, MD, Marge 
Scheftel, RN; Nashville, TN: Walter H. Merrill, MD; New Orleans, 
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LA: Rudolph Weichert, MD, Tina Talbird; New York, NY: Rick 
Esposito, MD, Vincent Fischer, MD; Oklahoma City, OK: Ronald 
C. Elkins, MD, Joy Rodenberger; Palo Alto, CA: Donald Rowles, 
MD; Portland, OR: H. Storm Floten, MD, Hugh Gately, MD; 

Richmond, VA: Szabolcs Szentpetery, MD; Salt Lake City, ur: 

Shreekanth V. Karwande, MD, Sue Goldberg, RN; San Diego, CA: 

Riyad Y. Tarazi, MD, Michael P. Kaye, MD, Jennifer Bloomquist, 

RN; San Juazt, PR: Manuel E. Lores, MD, Nelson Estepa, RN, CP; 

Seattle, WA: Carol Alcott; St. Louis, MO: Keith. Naunheim, MD; 

Tampa, FL: Michael Sweeney, MD, Shelly MacIntire, Jocelyn Hall; 

Tucson, AZ: Gulshan Sethi, MD, Marty Haluza; West Los Angeles, 
CA: Davis Drinkwater, MD; San Francisco, CA: Edward Verrier, 
MD, Marc Marcotte, PA; Madison, WI: George Kronke; MD, K. K. 
Anderson; San Antonio, TX: Frederick L. Grover, MD, Bobbie- 
Scallorn, RN; Pittsburgh, PA: Peter F. Ferson, MD, Nancy Kroko- 
sky, RN 


Appendix 2. Data Collection Form 


CARDIAC SURGERY OPERATIVE RISK ASSESSMENT 











Name , Hosp.* o _, SSN_ = 2L oan Surg. Date _ _ 
_Last First Mo Day Yr. 

I. CLINICAL DATA ngioplasty=< 7 d of surq* Y N Preop IABP* _ YN 
Age -yns Prior Heart Surqery* ` Y oN NYHA F, C.* I II III Iv 
Sex M F History of CHF . Y N Hypertension* XY N 
Height eM, _ in I. V. NTG Preoperatively* Y N Pulmonary Rales Y a 
Weight kg, lba Current Diuretic Use* Y N Resting ST Depression*y N i 
Exertional Angina*y N Current Dig Use* YN ECG LVH* Y N 
Unstable Angina Y N Current Beta Blocker Use* Y N Cardiomegaly (x-ray)* Y N 
Copp* Y N Current Cat+ Blocker Use* Y N Pleural Effusion YN 
Current Smoker XN Peripheral Vasc. Dis.* Y N Creatinine — + — mg/dl 
Ever Smoker Y N Cerebral Vasc. Dis.* Y N Pa02 {room air) mm Hg 
Active Endo-. Old MI (>30 d.)* YN PaCO2 (room air) . _ mm Hg 

carditis* Y N Recent MI (=<30 d.)* Y N FEV1 (L) ak 

Diabetes Y N . : nea 
Race: _Caucasian, __ Black, _ Other eneral Medical Condition:* Good, _ Fair, _ Poor 

II. CARDIAC CATHETERIZATION AND ANGIOGRAPHIC DATA Right Atrial Pressure (mean) mmHg 
L.V. Systolic Pressure . _ mig LVEDP _ mig 
Aortic Systolic Pressure —_ —_ — mmHg Cardiac Index a+ — L/min/M 
Pulmonary Artery Systolic Pressure _. mmHg LV_EF (sath. or radionuclide) 0. 
Mean Pulmonary Artery Wedge Pressure _ mmKg LV End-diastolic Vol. “nl 


Coronary Arteriogram (record most severe 


$ diameter reduction; code distal disease 


as 0 ~ none, 1 - moderate, 2 - severe) 
% Stenosis 

Left Main 

LAD. 

Right. (include 
PDA) : 

Circ (include 
major marginals} 


Preoperative Estimate of Operative 
Mortality E | 
ae OPERATIVE DATA 
Procedure {g} 
CABG Distal Anastomoses: 
number with Vein 
number with IMA e 
Great Vessel Repdir Requiring 


Distal Disease 


Cardiopulmonary Bypass Y N 
Cardiac Transplant Y N 
B. Technique e 
Total Cross Clamp Time. _.. min 
Lowest Myocardial Temp ag Se 
c. Operative Death* Y N 
D. Postoperative (30 day) Complications 
Peri ative MI, wav Y oN 
Endocarditis 7 Y N 
Renal Failure Requiririg Dialysis Y N 
Low Cardiac Out tate =>6 Hr Y N 
Mediastinitis ` Y N 


LV Contraction Score, from Contrast or 
Radionuclide Angiogram (NL - normal, 
MH - moderate hypokinesia, SH ~ 
severe hypokinesia, AK- akinesia, 
DY - dyskinesia, AN ~ aneurysmal; 
check orè per segment): 

Segment (RAO) NL 
Prox Ant 
Mid Ant 
Apical 
Mid Inf 
Prox Inf 


LIII 
R O O a =- 
LIIILS 
Pllid & 


EL UR 
EM-emergent) 


g 


Priority of Surgery: 
(EL-elective, UR-urgent, 


Mitral Valve Replacement 
Aortic Valve Replacement 
Tricuspid Valve Replacement 
Valve Repair 

LV Aneurysectomy or Plication 
Other. 


KKK KK 
ZZZzzz 





Intra-op IABP 
Post-op IABP . 


Date of Opérative Death __ __ 

Mo. Day 
Reoperation for Bleeding YN 
Repeat Cardiopulmonary Bypass Y N 
On Ventilator => 48 Hr Y N 
Coma => 24 Hr . YN 
Stroke Y oN 


*See reverse of form for definitions of these data items 
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DISCUSSION 


DR GEOFFREY M. GRAEBER (Morgantown, WV): I congratu- 
late Dr Grover and his associates for an excellent piece of work. 
Their which has produced an outstanding benchmark in the 
assessment of realistic operative mortality for specific types of 
open heart operations, particularly coronary artery revasculariza- 
tion. 

I thank them for providing me a copy of the manuscript before 
the meeting. To appreciate how much statistical analysis they 
went through, it is necessary to view the manuscript, believe me. 

In performing such studies, some few individuals must be 
ultimately responsible for collecting, correlating, and analyzing 
the data. For the VA system, Dr Grover and his immediate 
associates certainly deserve great praise for generating this im- 
portant multiinstitutional study. When I was practicing at Walter 
Reed Army Medical Center, Dr Fred H. Edwards, my colleague 
and associate, was the key individual responsible for generating 
similar data and analyses using Bayesian statistical theory. | am 
grateful to him for his suggestions, thoughts, and advice regard- 
ing Dr Grover’s data. His comments were most helpful to me in 
preparing my discussion today. 

Four points need to be emphasized: 


1. Raw mortality data quite obviously can no longer be used as a 
predictor of outcome in myocardial revascularization or other 
open heart procedures. Usually we are treating patients with 
multiple problems that affect the outcome of any major 
surgical intervention. These processes must be considered in 
any realistic analysis of mortality. 

2. Any analysis system has to be continuing and dynamic to 
reflect changes in patient population and improvements in 
therapy. Two examples of variables that emerged from this 
study were compromised pulmonary function and, in the 
paper, weight less than 58.5 kg. The former obviously corre- 
lates with increased postoperative pulmonary complications, 
whereas the latter probably reflects generalized poor nutri- 
tional status, which would adversely affect the outcome of any 
major surgical procedure. 

3. Grover and associates commented in their manuscript that the 


format of the data sheets has to be simplified to achieve better ` 


data reporting. Variables that have insignificant predictive 
value need to be eliminated. Emphasis and greater priority 
should be placed on variables that have significantly higher 
predictive value in future data-collection forms. Obviously, 
simpler forms result in more returns and more specific data. 
4. The “perfect” statistical system for predicting operative mor- 
tality really does not exist and may never exist. I agree with Dr 
Grover and his associates that the format will continue to 
evolve and will probably represent a composite of several 
methods. The best aspects from regression analyses used by 
Dr Grover and his co-workers for multiple institutions will be 
joined with some aspects of Bayesian theory such as we used 
at Walter Reed. These will be combined with certain variables 
of simplified format such as that recently described by Dr 
Parsonnet. The maturation of a “final” system will undoubt- 
edly require some years and, indeed, may never be achieved. 


I have two questions for Dr Grover. First, how did you manage 
standardization of subjective terms? One example is the separa- 
tion of urgent from emergent. 

Second, receiving data from 72% of the patients treated at 
nearly 50 institutions is remarkable. What methods did you use 
to achieve this rate? 

In summary, Dr Grover and his associates have given us an 
outstanding body of information. I think it is essential that they 
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continue this study throughout the coming years. I know that I 
myself and I am sure the rest of the members of this Society look 
forward to their continuing reports. 


DR RALPH O. BUTZ, JR (Hines, IL): This is an impressive 
analysis of an impressive number of patients, but I do have some 
reservations about the quality of data collected. 

Our hospital is required to complete and submit the data 
forms. We have no data collector, so the job falls on rotating 
junior house officers. Therefore, there is no continuity of data 
collectors; there is no uniform training of collectors; there is no 
central control of collectors; and there are no uniform procedures 
for data collection. If data cannot be found, the reply on the form 
is “unknown.” This is probably due partly to a random lack of 
enthusiasm on the part of house officers, but it is also related to 
the availability of charts and other potentially disease-related 
information problems. 

Some of the questions on this data form require subjective 
determination, such as the question of whether the general 
medical condition of the patient is good, fair, or poor. A phone 
call to the central data collector requesting objective criteria for 
this determination yielded only the information that others have 
answered the question without such criteria. 

It is well known that surgical studies, well done and assisted by 
the VA Cooperative Studies Department, have shown institu- 
tions are one of the significant variables in determination of 
results. 

I have a question concerning the potential raised here. If this 
survey were to be converted to an institution-evaluation project, 
how would you control self-serving data collection? 


DR GROVER: I thank the discussants for their pertinent com- 
ments. First, Dr Graeber, thank you for your kind remarks 
regarding the study and the effort involved with it. It has taken 
an enormous effort by my many colleagues in the VA system who 
have contributed much data to this study, and I thank all of them. 
There has been very little tangible financial support for the study, 
so we have had to do this work mostly with existing resources 
within each hospital. 

In answer to your question regarding urgent versus emergent 
operations, the priority of the operation was determined by the 
surgeon, Emergent operation was defined previously by CASS as 
an operation performed on the same day as catheterization or the 
event and urgent operation, as one scheduled within 1 to 6 days 
after catheterization or the event because further delay was 
deemed unwise. Elective operation included any operation that 
could be scheduled at a mutually convenient time. . 

Dr Graeber, you thought that we did well to get data on 72% of - 
patients. We think that to make a study like this highly success- 
ful, we should have complete data on at least 80% of patients. To 
accomplish this, we need fiscal support for data managers at each 
institution and a high level of interest from all of the participating 
surgeons. 

Dr Butz raises several points, the first of which is lack of 
support for data managers. I am very sympathetic to this criticism 
and have tried to obtain such funds. However, in this Gramm- 
Rudman era, such money has not been available. Most of our 
hospitals have been able to obtain enough local support to ensure 
good quality and continuity of data collection, which is current 
with the hospitalization of each patient, which means that chart 
availability is not a problem. Items for which a high enough 
percentage of data were not available were excluded from the risk 
assessment analysis. Dr Butz, your comment regarding the use of 
the physician’s estimate of the “general medical condition” is 
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well taken. This was included to see how close physicians can 
estimate the severity of a patient’s overall condition and was not 
used to determine the risk assessment ratio because we think that 
for a variable, it is entirely too subjective. In answer to your 
question of whether we are site visiting or discontinuing VA 
cardiac surgery programs based on this study, we are not and 
will not until we have verified the methodology. 

It is important for us as cardiothoracic surgeons to realize that 
we are in the age of consumers and consumer advocates and that 
they want to know what the quality of cardiac surgery is at 
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different institutions. This is relevant not only to the VA system 
but to all of us. The Health Care Financing Administration has 
released morbidity data that do not reflect risk factors. We believe 
these data do not necessarily reflect the quality of surgery at a 
given institution, particularly at those hospitals where many 
high-risk patients undergo operation. The method of risk assess- 
ment we are reporting will be effective, however, only if we all 
agree that it is important and worthy of the investment of time 
required to collect high-quality data on a high percentage of 
patients. 





Notice From the American Board of Thoracic Surgery 


The part 1 (written) examination will be held at the Hyatt- 
Regency, Dallas Fort Worth Airport, Dallas TX, on February 
3, 1991. The closing date for registration is August 1, 1990. 

To be admissible for the part II (oral) examination, a 
candidate must have successfully completed the part I 
(written) examination. 


A candidate applying for admission to the certifying 
examination must fulfill all the requirements of the board 
in force at the time the application is received. 

Please address all communications to the American 
Board of Thoracic Surgery, One Rotary Center, Suite 803, 
Evanston, IL 60201. 


Subvalvar Aortic Stenosis: Timing of Operation 
E. Charles Douville, MD, Robert M. Sade, MD, Fred A. Crawford, Jr, MD, and 


Henry B. Wiles, MD 


Divisions of Cardiothoracic Surgery and Pediatric Cardiology, Medical University of South Carolina, Charleston, South Carolina 


Subvalvar aortic stenosis can be associated with progres- 
sive left ventricular outflow tract obstruction, aortic in- 
sufficiency, and infective endocarditis. We reviewed the 
records of 36 surgical patients who underwent 39 opera- 
tions for subaortic stenosis. Seventeen patients had as- 
sociated congenital cardiac anomalies. One perioperative 
death occurred in a patient with tetralogy of Fallot. The 
mean preoperative left ventricular outflow tract systolic 
pressure gradient was 64 + 5 mm Hg (+ standard error of 
the mean) and decreased to 9 + 2 mm Hg postoperatively 
(p < 0.001). Reliable preoperative and postoperative 
information regarding aortic valve function was avail- 
able for 27 patients. Aortic insufficiency was found in 17 


Ce left ventricular outflow tract (LVOT) ob- 
struction can be valvar (55%), subvalvar (29%), sup- 
ravalvar (11%), or a combination of these (5%) [1]. Dis- 
crete subvalvar aortic stenosis can be associated with 
aortic insufficiency [2-4], infective endocarditis, and de- 
velopment of dynamic muscular obstruction [5]. Obstruc- 
tion is almost always progressive [2, 3, 6-9]. 

In view of the progressive nature of subaortic stenosis 
and the high incidence of attendant complications, we 
recently adopted a policy of resecting all lesions shortly 
after diagnosis, regardless of severity of LVOT systolic 
pressure gradient (hereinafter referred to as LVOT gradi- 
ent). To verify the rationale for this policy, we reviewed 
our series of patients with subaortic stenosis undergoing 
operation in this institution in the modern era since 
hypothermic potassium cardioplegia has been used and 
the pitfalls of this operation have been recognized. 


Material and Methods 


Data Collection 


We reviewed the medical records of all patients undergo- 
ing operation for subaortic stenosis, excluding only those 
with Shone’s anomaly, at the Medical University of South 
Carolina between July 1975 and December 1988. The 
record of each admission and follow-up visit was re- 
viewed. Data collected included date of birth, date of 
operation, sex, associated anomalies, previous opera- 
tions, and concurrent medical problems. Symptoms, 
chest roentgenograms, and electrocardiographic findings 
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(63%) of those patients preoperatively. Postoperatively, 
insufficiency increased in 3 patients and decreased in 4; 
none of these changes was major. Severity of preopera- 
tive aortic insufficiency increased significantly with age 
(p < 0.05), but did not correlate with left ventricular 
outflow tract gradient. The information from this study 
and previous studies suggests that resection of subaortic 
stenosis is safe and effective, and operation at the time of 
diagnosis, regardless of left ventricular outflow tract 
gradient or symptomatic status, is a reasonable therapeu- 
tic alternative. 


(Ann Thorac Surg 1990;50:29-34) 


were also noted. Lesions were classified by surgical ob- 
servation as membranous, fibromuscular, anomalous en- 
docardial cushion tissue, or tunnel stenosis. The opera- 
tion performed and early and late complications and 
deaths were recorded. 

Echocardiograms were reviewed by one of us (H.B.W.); 
instantaneous left ventricular—aortic systolic pressure gra- 
dient and the presence and severity of aortic insufficiency 
and mitral insufficiency were noted. The degree of aortic 
insufficiency was classified as none (0), mild (1+), mod- 
erate (2+), or severe (3+). Echocardiography was usually 
performed preoperatively, postoperatively before hospital 
discharge, 12 months later, and at other intervals as well. 

All cardiac catheterizations were performed at our in- 
stitution, and the data from those studies were reviewed. 
Peak-to-peak left ventricular—aortic systolic pressure gra- 
dients were recorded, and the presence and severity of 
aortic and mitral insufficiency were noted, as were any 
associated cardiac abnormalities. 


Surgical Techniques 


Throughout the study, subaortic obstruction was resected 
using standard techniques of cardiopulmonary bypass 
under moderate hypothermia with hypothermic potas- 
sium crystalloid cardioplegia. Membranous lesions were 
excised by sharp and blunt dissection, often peeling them 
from the surface of the LVOT; membranous lesions 
attached to a prominent LVOT muscle (fibromuscular 
stenosis) were similarly excised and the muscular compo- 
nent treated with myotomy or myectomy. Tunnel sub- 
aortic stenosis in 1 patient was treated with a Konno- 
Rastan procedure [10]. Associated lesions were repaired 
when indicated. 
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Fig 1. Left anterior oblique projection of left ventriculogram demon- 
strating a subaortic membrane (black arrowhead) lying beneath the 
aortic valve (white arrowhead). 


Statistical Analysis 

The LVOT gradients measured by echocardiography and 
by catheterization have been shown to correlate very 
highly [11, 12]; therefore we treated them interchangeably 
for statistical purposes. The preoperative to postoperative 
changes in LVOT gradient and aortic insufficiency were 
analyzed using the Wilcoxon signed rank test for matched 
pairs. The relations of aortic insufficiency to age and to 
LVOT gradient were analyzed using the Spearman rank 
correlation. 


Results 


Demographic Characteristics 

We identified 36 patients who underwent 39 operations. 
There were 21 male and 15 female patients ranging in age 
at operation from 3 days to 52 years (mean age, 11 + 2 
years [+ standard error of the mean]). None had associ- 
ated noncardiac malformations. Isolated subaortic steno- 
sis was present in 19 patients, and 17 had 26 associated 
congenital cardiac anomalies, including ventricular septal 
defect (7), ventricular septal defect with double-chambered 
right ventricle (2), ventricular septal defect with double- 
outlet right ventricle (7), atrioventricular canal (1), tetral- 
ogy of Fallot (2), atrial septal defect (1), valvar aortic 
stenosis (1), coarctation of the aorta (3), and patent ductus 
arteriosus (8). 
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Fourteen (39%) of the 36 patients were symptomatic 
with shortness of breath (6), chest pain (5), easy fatigabil- 
ity (4), and syncope (1). One patient was seen with 
endocarditis on a regurgitant aortic valve. 

The morphology of subaortic stenosis at operation was 
membranous in 27 (69%), fibromuscular in 8 (21%), anom- 
alous endocardial cushion tissue in 3 (8%), and tunnel 
stenosis in 1 (3%). The angiographic appearance of a 
typical subaortic membrane is shown in Figure 1 and a 
resected membrane, in Figure 2. 

Previous repair of associated congenital cardiac anom- 
alies had been done in 11 patients, 5 of whom had more 
than one associated lesion. These previous procedures 
included closure of a ventricular septal defect (2), repair of 
a ventricular septal defect with double-outlet right ventri- 
cle (1), repair of atrioventricular canal (1), correction of 
tetralogy of Fallot (1), aortic valvotomy (1), banding of the 
pulmonary artery (2), repair of aortic coarctation (3), and 
ligation of a patent ductus arteriosus (6). 

At the time of resection of subaortic stenosis, 12 asso- 
ciated anomalies were corrected in 9 patients: closure of a 
ventricular septal defect (4) with debanding of the pulmo- 
nary artery (2) or resection of a double-chambered right 
ventricle (1), resection of an anomalous right ventricular 
muscle bundle (1), repair of tetralogy of Fallot (1), closure 
of an atrial septal defect (1), and ligation of a patent 
ductus arteriosus (2). Acquired cardiac lesions repaired 
concurrently with resection of subaortic stenosis in 3 
patients included aortic valve replacement (2), accompa- 
nied by mitral valve replacement in 1, and pacemaker 
implantation for complete heart block consequent to pre- 
vious repair of complete atrioventricular canal. 

Five of the 36 patients had an operation for recurrence 
of subaortic obstruction. Two of them had had the original 
resection elsewhere. One was a 52-year-old man who had 
a subaortic membrane excised when he was 28 years of 





Fig 2. An entire membrane after resection. The hiatus is located at 
the membrane s mitral valve attachment, where the membrane was 
incomplete. 
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age and was seen with a recurrent membrane, an LVOT 
gradient of 20 mm Hg, and severe aortic and mitral 
insufficiency. The other was a 17-year-old boy who had 
undergone resection and myotomy for a fibromuscular 
lesion at the age of 9 years and subsequently was found to 
have a recurrent fibromuscular obstruction, which was 
again excised. 

The 3 patients undergoing reoperation who were orig- 
inally operated on at this institution included a previously 
reported patient with incompletély resected anomalous 
endocardial cushion tissue [13], a patient with membra- 
nous subaortic stenosis, and a patient originally treated 
for a fibromuscular lesion and later found to have tunnel 
stenosis, which was treated with a Konno-Rastan opera- 
tion. All 3 had an LVOT gradient greater than 20 mm Hg 
before reoperation. Two additional patients have a post- 
operative LVOT gradient greater than 20 mm Hg and 
have not yet undergone reoperation. Thus, of the original 
34 patients undergoing resection of subaortic stenosis in 
this institution, 5 (15%) had a residual or recurrent LVOT 
gradient greater than 20 mm Hg. 


Deaths and Complications 
There was one perioperative death. A 22-month-old boy 
with associated tetralogy of Fallot died of renal failure 9 
days after complete repair; postmortem examination dem- 
onstrated inferior vena cava and hepatic vein thrombosis 
of unknown cause. 

Perioperative complications included one instance of 
right lower lobe pneumonia and six cases of transient 
conduction abnormalities. The sole late complication oc- 
curred in a 16-year-old girl in whom complete heart block 
developed 6 months postoperatively and necessitated 
implantation of a permanent pacemaker. 


Hemodynamic Data 


The LVOT gradient decreased from 64 + 5 mm Hg l 


preoperatively to 9 + 2 mm Hg postoperatively (n = 37) (p 
< 0.001) (Fig 3). The postoperative measurements were 
carried out from 3 months to 10 years after operation. 
Reliable measurements of both preoperative and postop- 
erative aortic valve function were available for 27 patients; 
insufficiency was present in 17 (63%) of these patients 
preoperatively. From preoperative to postoperative mea- 
surements, aortic insufficiency increased from 0 to 1+ in 3 
patients, decreased from 2+ to 0 in 2 patienis, and 
decreased by one grade in 2 others. Aortic insufficiency 
was unchanged in the other 20 patients. 

The severity of preoperative aortic insufficiency (n = 29) 
increased with age (r = 0.43; p < 0.05), but did not 
correlate with LVOT gradient (r = 0.32; p < 0.20). 


Comment l 


Chevers [14] first described subaortic stenosis in 1842, and 
Keith [15] later suggested that arrest of involution of the 
bulbus cordis was the source of the residual tissue that 
produced LVOT obstruction. Van Praagh and associates 
[16] attributed the membrane to maldevelopment of the 
tissues of the endocardial cushions that usually form the 
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Fig 3. Change in left ventricular outflow tract gradient from preoper- 
ative measurement to postoperative measurement (p < 0.001). The 
closed circles are the mean for each set of measurements. 


PREOP 


anterior leaflet of the mitral valve. Somerville and co- 
workers [5] proposed that the lesion is acquired rather 
than congenital because obstructive subaortic membranes 
occur rarely, if ever, in newborns. They suggested that 
abnormal flow patterns in the left ventricle result in the 
deposition of fibroelastic material below the aortic valve. 
Supporting this concept is a recent report [17] of 35 
patients in whom no LVOT gradient was documented at 
cardiac catheterization but in whom repeat studies re- 
vealed development of a substantial gradient. 

Patients with subaortic stenosis are usually asympto- 
matic (61% of our patients). The presence of a prominent 
murmur often leads to early recognition, before substan- 
tial obstruction is present. Timing of operation is therefore 
an important issue: delay of operatior generates risk of 
complications related to the lesion itself, and operation 
subjects the patient to risks of morbidity and mortality. 
How can these risks best be balanced in the interest of 
optimal long-term results for individual patients? 

There is tisk in allowing the lesion to remain unre- 
sected. Aortic insufficiency in subaortic stenosis is be- 
lieved to be acquired as a direct result of a high-velocity jet 
of blood traumatizing aortic leaflets, leading eventually to 
aortic insufficiency [18]. Most patients with subaortic 
stenosis, in fact, have abnormal aortic valves because of 
leaflet thickening [5]. 

Our study demonstrates a significant correlation be- 
tween age and severity of aortic insufficiency. In this 
series, 17 (59%) of 29 patients with adequate studies had 
aortic insufficiency, which is in the same range as in other 
reports [3, 5, 7, 9, 11]. Most of our patients underwent 
operation soon after diagnosis; hence our data are insuf- 
ficient to demonstrate progression of valvar incompetence 
in individual patients. Among our patients, however, 
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positive correlation of severity of insufficiency with age 
strongly suggests progression of this acquired lesion 
when the underlying obstruction is not removed. The 
appearance of new aortic insufficiency in subaortic steno- 
sis that has not been operated on has been documented in 
6 (15%) of 40 patients 1 year to 10 years after diagnosis [9]. 

Two (6%) of our patients required aortic valve replace- 


ment at the time of subaortic resection because of the ` 


severity of insufficiency. Although the operative mortality 
rate for aortic valve replacement is very low, we [19] have 
previously demonstrated a high risk of late death and 
complications in young patients, particularly those in 
whom the indication for valve replacement is aortic insuf- 
ficiency. Aortic insufficiency has harmful effects on myo- 
cardial ultrastructure and function that may not be revers- 
ible after valve replacement (20, 21]. 

During short-term (1 -year) follow-up in our series, 
aortic insufficiency was generally unaffected by operation: 
it became slightly worse in 11% of patients, improved in 
15%, and was unchanged in the rest. After long-term 
postoperative follow-up in one well-documented series of 
58 patients [9], aortic insufficiency progressed during the 
first year in 5 (9%) and progressed in the long term in only 
2 (3%), both requiring valve replacement at 15 and 24 
years after operation. Thus, operative resection of subaor- 
tic stenosis probably substantially slows progression of 
aortic insufficiency. 

Also noteworthy in the current study is the statistical 
demonstration that the severity of aortic insufficiency is 
not related to LVOT gradient, a finding supporting anec- 
dotal observations of others [3, 8, 11]. Aortic insufficiency 
of any severity, when associated with subaortic stenosis, 
is a strong predisposing factor for the development of 
infective endocarditis [9]. 

Infective endocarditis is a serious and frequent compli- 
cation of subaortic obstruction that is not treated surgi- 
cally, the incidence ranging from.12% to 25% of patients 
[3, 7, 8], an order of magnitude higher than the incidence 
of endocarditis in patients with valvar aortic stenosis or 
ventricular septal defect. Predisposing factors are aortic 
insufficiency and high LVOT gradient [9]. This complica- 
tion developed in only 1 (3%) of our patients preopera- 
tively and in none postoperatively. The incidence of 
infective endocarditis in one large series [9] was similar 
preoperatively and postoperatively. All instances of post- 
operative infection in that series, however, were in pa- 
tients with substantial residual LVOT gradients (35 to 132 
mm Hg). No infection occurred postoperatively in a 
patient with discrete subaortic stenosis, a residual gradi- 
ent less than 50 mm Hg, and no other residual anatomical 
lesion, criteria that fit 92% of their patients and 97% of 
ours. Several other series [3, 6, 8, 9] have reported an 
incidence of postoperative endocarditis ranging from 0% 
to 4%. Therefore, subaortic resection probably reduces 
substantially the risk of infective endocarditis. 

Subaortic stenosis is a progressive disease: increasing 
obstruction occurred in almost all reported patients with 
serial preoperative studies [2, 3, 6-9]. After resection, the 
obstructive lesion can recur and progress, as it did in 5 
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(15%) of the 34 patients initially operated on in our 
institution. 

The risks of operation are not great: only 1 (3%) of our 
36 patients died, and he had a serious associated lesion. 
We found a low incidence of early and late complications, 
a finding substantiating data in previous reports [18, 22, 
23]. The operation effectively relieves obstruction in most 
patients, as evidenced by our data and those of others [18, 
22, 23]. 

The postoperative LVOT gradient in our patients (aver- 
aging 9 mm Hg) compares favorably with the 29 to 35 mm 
Hg in other series [9, 18]. Only 5 of our patients had a 
follow-up LVOT gradient greater than 20 mm Hg, 
whereas a report [18] of follow-up catheterization of 28 
patients, most from an earlier era, found that all but 3 
patients had an LVOT gradient greater than 20 mm Hg. 
This improvement could reflect better understanding in 
recent years of the importance of complete removal of 
offending tissue, and the advantage of excellent exposure 
provided by cold cardioplegia. 

Reoperation in 3 of our patients effectively relieved the 
residual obstruction, and 2 others have not yet undergone 
reoperation. The rate of reoperation in our patients was 
9% (3/34) and in previous publications ranges from 0% to 
20% [2, 4-6, 18, 24, 25]. Because indications for reopera- 
tion vary widely, however, the implications of these rates 
are not clear. Some postoperative obstructions are un- 
doubtedly residual, due to incomplete resection of abnor- 
mal subaortic tissue, but some are recurrent [5]. 

Several inferences can be drawn from our results. 
Aortic insufficiency caused by subaortic stenosis is pro- 
gressive and can usually be prevented or stabilized by 
removing the stenosis. Infective endocarditis is a frequent 
complication of subaortic stenosis, but is rare when ade- 
quate repair of the obstruction and associated lesions has 
been achieved. Resection of subaortic stenosis is safe and 
usually effective. Because subaortic stenosis is nearly 
always progressive, few patients will escape eventual 
operation and its attendant risks. 

The data cited in the discussion, our own and those of 
others, leave many questions unanswered, in part be- 
cause foliow-up of patients who have undergone the 
complete resection that can be achieved with contempo- 
rary surgical techniques, as in this series, is only about a 
decade Icng. Current methods of assessing surgical re- 
sults, particularly echocardiography, promise reliable 
long-term information that is now lacking. 

Although less complete than we would like, the data 
available from the literature and from our study seems to 
weigh in favor of removing the offending obstruction 
early, particularly if the need for reoperation can be kept 
to the low level we have reported. It therefore seems 
reasonable to resect subaortic stenosis at the time of 
diagnosis rather than to operate when symptoms appear 
or an arbitrary hemodynamic criterion is met. 


The invaiuable contribution to this work by our biometrician, 
Martha Stroud, MS, and the expert secretarial assistance of 
Kathryn Terry are gratefully acknowledged. 
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DR JOHN W. HAMMON, JR (Nashville, TN): I congratulate Dr 
Douville and his co-authors on an excellent presentation of a 
timely subject. I was especially pleased to review their well- 
written manuscript before the presentation. 

Their provocative hypothesis that subaortic stenosis should be 
resected when discovered is currently being debated in pediatric 
cardiac circles. I will add a caveat from our own data and ask two 
questions. 

Dr James Stewart in our group has reviewed a similar series 
from Vanderbilt Hospital for the years 1972 to 1989. The two 
series are remarkably similar in every respect except our patients 
averaged 6.9 years at operation as opposed to 11 + 2 years in the 
Charleston series. 

During the follow-up of 1 year to 7 years (averaze follow-up, 
38.2 months) in our series, 12 patients, or 35%, underwent repeat 
operation for recurrent stenosis, and the vast majority of these 
patients had discrete subaortic stenosis. Included in this group 
were 3 patients who had a discrete membrane resected for the 
third time. 

Based on these data, we have adopted a more conservative 
approach to these patients and prefer to operate for symptoms, 
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progressively increasing or severe gradients, aortic regurgitation, 
evidence of left ventricular dysfunction, or a combination of 
these. : 

It seems logical to us that when a discrete membrane is 
resected, it heals as a fibrous scar and fixes the LVOT size at that 
level. Because of this, it might be beneficial to delay operation in 
small patients if uncomplicated disease is presentie and if good 
follow-up is available. 

Dr Douville, I noticed in your manuscript that you obtained 
echocardiographic examinations of patients before and after 
operation and at intervals thereafter. Did you note the develop- 
ment of restenosis, especially in younger patients? 

Also, have you noted discrete subvalvar stenosis gradually 
evolving into a hypertrophic cardiomyopathy as has been re- 
ported in other series? 


DR ADNAN COBANOGLU (Portland, OR): At the University 
Hospital in Portland, a recent review of our experience with 
treatment of discrete subaortic stenosis has led to a moderation of 
our original enthusiasm for the surgical treatment of this prob- 
lem. Our series comprises 25 patients with discrete subaortic 
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stenosis, so we did not include the more complex forms of 
subaortic stenosis, ie, long-tunnel stenosis. Only 1 patient in this 
group.was less than 1 year of age. Concomitant myotomy and 
myectomy, were added early in this series. The operative proce- 
dures performed included resection only in 10 patients, resection 
with myectomy or myotomy in 14 patients, and exploration of the 
LVOT in the 1 patient less than 1 year of age. There were no 
operative deaths. 
' Seven patients underwent reoperation at a mean 1 interval of 4.9 
years. The minimum interval was 22 months.with a maximum of 
8 years. The actuarial reoperation-free curve shows that although 
the initial results were considered excellent by us, 10 years after 
operation only 40% of patients had not required reoperation. The 
type of original operation did not correlate with late recurrence. 
In every reoperation, we saw an identical lesion recurring. This 
experience prompts us to believe that the so-called discrete 
subaortic ridge, ring, or stenosis is in reality not as simple as the 
name indicates. It is a much more complex problem. _ 
Furthermore, we believe that the ring is not congenital but is a 
progressively developing acquired lesion. The. disease is ex- 
tremely uncommon in neonates or in infants less than 1 year of 
age. The fact that both the original disease and the recurrent 


disease as seen at operation are similar implies that the basic _ 


problem is an underlying dynamic or structural abnormality of 
the LVOT that produces stenosis and turbulence, and the sub- 
aortic ring develops as a response. 

I have a few questions for Dr Douville. How many patients in 
your series were less than 1 year of age? You reported that 5 
patients had recurrence, and 3 have had reoperation for recur- 
rence. What was the actuarial recurrence rate? What were the 
findings at the time of reoperation? Did you observe repeat 
formation of the ring, ridge, or membrane similar to that seen at 
the first operation? 

Finally, is infective endocarditis due to aortic insufficiency or is 
it due to continued persistent structural abnormality in the area? 
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What is the incidence of infective Sidotut after operation for 
this entity? | 


DR ANTONIO FRANCESCO CORNO (Monza [Milano], Italy): 
My colleagues and I strictly follow the suggestion given in 1981 
by the Boston group. Recently we reported our experience with 
20 patients wao underwent resection of subaortic stenosis (Chest 
1989;96:325). Each patient had an LVOT gradient higher than 30 
mm Hg or zortic regurgitation or both. Preoperative cardiac 
catheterization was not performed. There were no deaths, and no 
patient has.had progression of aortic regurgitation. 

My question for Dr Douville is, did you see any progression of 
the aortic regurgitation when you performed the resection, in 
older pateng? 


DR DOUVILLE: Dr Hammon, we saw severe left ventricular 
hypertrophy :n only 2 patients, both with Shone’s syndrome, 
who were excluded from the study. Recurrent stenosis in 3 
patients did not appear to be age related. The morphology in all 
3 was different: 1 child had aberrant endocardial cushion tissue; 
1 had fibromuscular stenosis at the’ initial classification that was 
later changed <o tunnel stenosis; and 1 child had a membrane that 
recurred at its original site. 

Dr Cobanoglu asked how many children. were less than 1 year 
old. There was only 1 such child, a 3-day-old newborn who had 
aberrant endocardial cushion tissue with ventricular septal de- 
fect. 

Our data were insufficient to calculate actuarial recurrence 
rates. : 

Endocarditis is probably caused by a turbulent jet across ihe 
valve. One paient was seen with endocarditis and severe aortic 
insufficiency. No case of endocarditis occurred postoperatively. 

Three patients were found to have an increase in aortic 
insufficiency postoperatively, and, preoperative aortic insuffi- 
ciency in 4 parients disappeared postoperatively. There was no 
consistent effect of operation on aortic insufficiency. 
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To determine patterns of surgical standby for percutane- 
ous transluminal coronary angioplasty (PTCA), a ques- 
tionnaire was mailed to 196 US institutions in which 
PTCA and coronary artery bypass grafting (CABG) are 
performed regularly. Eighty-nine responses (46%) were 
received and comprise this report. Of responding insti- 
tutions, the mean number of hospital beds was 615. In 
1987, these institutions performed a mean of 337 PTCAs 
and 558 open-heart surgical procedures. The rate of 
emergency CABG for PTCA complications (occlusion, 
dissection, or coronary perforation) was 4.4% + 0.3%, 
whereas the rate of urgent CABG (within 24 hours) for 
PTCA failure was 3.7% + 0.6%. The incidence of emer- 
gency CABG for PTCA complications was higher (5.1% 
+ 0.6%) among low-volume PTCA centers (less than 250 
cases per year) than at high-volume centers (more than 
250 cases per year) (3.7% + 0.3%; p < 0.05). The most 
common pattern of surgical backup was to maintain an 
open operating room on standby (57/89, 64%), and the 
second most common pattern was to make the next open 
operating room available, allowing operating room ac- 


Guga standby has been the standard of practice for 
elective percutaneous transluminal coronary angio- 
plasty (PTCA) [1-7]. With the growth of PTCA from 
24,000 procedures in 1983 to nearly 200,000 procedures in 
1987 [8], the burden of providing surgical backup for 
PTCA has increased substantially. Despite a reduction in 
the rate of PTCA complications, the number of patients 
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operated on soon after PTCA has increased [9-12]. Fur- 
thermore, PTCA patients who need emergency surgical 
revascularization have more extensive coronary disease 
and poorer ventricular function than their counterparts of 
10 years ago [9, 11, 13, 14]. Providing a “safety net” for 
nearly one quarter of a million PTCAs a year has become 
more problematic for responsible surgeons. 
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cess within 1 to 3 hours (21/89, 24%). Nearly a third of 
institutions (26/89, 29%) maintained a flexible backup 
arrangement according to PTCA risk. Routine pre-PTCA 
patient evaluation by surgeon and/or anesthesiologist 
occurred in 38% (34/89). Fees for standby services were 
charged by 51% of surgical teams (45/89), 39% of anes- 
thesia teams (35/89), and 38% of operating room facilities 
(34/89). Thirty-seven percent of surgeons (33/89) were 
dissatisfied with their present standby arrangements; 
sources of dissatisfaction included poor communication 
with cardiologists about high risk or possibly inappro- 
priate PTCA cases, waste of operating room resources, 
and inadequate compensation. In summary, although 
PTCA infrequently requires emergent surgical revascu- 
larization, many institutions still maintain an open op- 
erating room on standby. The economic burden of this 
support frequently is not compensated. This survey 
describes current practices of surgical standby for PTCA 
and encourages closer examination of the total cost of 
PTCA. 

(Ann Thorac Surg 1990;50:35-9) 


The generally accepted rate of PTCA complications that 
require emergency coronary artery bypass grafting 
(CABG) is low, usually less than 5% [9, 13, 15, 16]. 
Indeed, it has been suggested that providing omnipresent 
surgical standby for such a well-developed technology 
such as PTCA is no longer appropriate, especially in the 
absence of controlled studies to document the efficacy of 
early surgical revascularization after PTCA complications 
[5]. 

Presuming that emergency surgical intervention after 
PTCA preserves life and reduces the extent of myocazdial 
infarction and that minimizing the delay between vessel 
injury and surgical revascularization is important, the 
method of surgical standby is important [4]. However, a 
consensus is lacking on the optimal standby arrangement. 
The present survey was undertaken to determine the 
patterns of standby commonly used by hospitals in the 
United States. 


Material and Methods 


In Fall 1988, questionnaires were mailed to 196 directors of 
US cardiac surgical programs in which cardiac surgery 
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Table 1. Profile of Institutions Responding to Survey 
(n = 89) 








Variable Value 

Mean number of hospital beds 615 

Mean number of open-heart cardiac 558 
operations (1987) 

Mean number of PTCAs (1987) 337 

Rate of emergency CABG after PTCA 4.4% + 0.3% 

Rate of urgent CABG after PTCA 3.7% + 0.6% 


CABG = coronary artery bypass grafting; ' 


PTCA = percutaneous 
transluminal coronary angioplasty. 


and PTCA were performed routinely. The hospitals were 
chosen from a registry of the American Hospital Associ- 
ation [17]; all had at least 350 beds, an active cardiac 
surgical program, and an interventional cardiac catheter- 
ization laboratory. Responders were guaranteed confi- 
dentiality, and some responded anonymously. 

Each institution was asked to provide the number of 
hospital beds, the number of cardiac surgical and PTCA 
procedures during the previous calendar year (1987), and 
the number of PTCA procedures resulting in emergency 
and urgent cardiac operations. Emergent operations were 
defined as those performed immediately after PTCA for 
complications such as coronary occlusion, dissection, or 
perforation. Urgent operations were defined as those 
performed within 24 hours after PTCA because of thera- 
peutic failure or stable complications. 

In addition, responders were asked to describe their 
usual mode of surgical backup by choosing from a list of 
options ranging from “no formal support arrangement” 
to “case-by-case support with an operating room and 
surgical team standing by.” Whether pre-PTCA visits by 
surgeon or anesthesiologist were routine and whether 
fees were charged for standby services were also ascer- 
tained. 

Results were compiled in a computer database and 
analyzed with the BMDP statistical software package 
(BMDP Statistical Software, Los Angeles, CA). When 
appropriate, complication rates were compared using 
Student’s t test for independent data. 


Results 


Eighty-nine completed questionnaires were returned 
from 40 states, a response rate of 46%. The mean number 
of hospital beds among responding institutions was 615 
(range, 225 to 2,000) (Table 1). These hospitals performed 
a mean number of 558 open-heart cardiac surgical proce- 
dures (range, 130 to 3,144) in 1987. In comparison, they 
performed a mean number of 337 PTCAs (range, 13 to 
1,911) during the same year. Collectively, the responses 
describe the standby practice for 29,993 PTCA procedures 
in 1987. l 

Emergency CABG for coronary occlusion, dissection, or 
_ perforation was necessary in 4.4% + 0.3% of PTCAs 
(Table 1). Urgent CABG within 24 hours for PTCA failure 
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(« 250 cases/year) (> 250 cases/year) 


Fig 1. Effect of percutaneous transluminal coronary angioplasty 
(PTCA) case-.oad on rate of emergency coronary artery bypass graft- 
ing (CABG). 


or for stabe PTCA complications occurred in 3.7% + 
0.6%. Of all PTCA patients, 8.1% came to CABG within 24 
hours. 

In this survey, the median number of PTCAs performed 
in 1987 was 250. When PTCA centers were grouped as 
either high-volume centers (more than 250 cases per year) 
or low-volume centers (less than 250 cases per year), the 
emergency ~ABG rates were significantly different (p < 
0.05) (Fig 1). High-volume PTCA centers had a lower rate 
of emergency CABG (3.7% + 0.3%) compared with low- 
volume PTCA centers (5.1% + 0.6%). 

The most common mode of surgical backup was to 
maintain an open operating room on standby (Fig 2). This 
was the usual method of backup in 64% of institutions. In 
24% of insttutions, backup was provided on a “next 
available room” basis. Four percent claimed to have no 
formal arrangements for standby, although on-site cardiac 
surgical facilities were a prerequisite for inclusion in the 
survey. Eigrt percent of respondents either did not de- 
scribe their method of standby or elaborated several 
modes of standby without identifying the usual one. 
Nearly one third of institutions (29%) modified their usual 


standby arrengements for unusual or high-risk PTCA 


cases. 
Evaluation by a surgeon, anesthesiologist, or both be- 

fore PTCA occurred routinely in 38% (Fig 3). Many other 

surgeons reported that pre-PTCA evaluation was re- 


Other [{8%) Next Available OR 


(24%) 





Open OR 
(64%) 
Fig 2. Modes of surgical standby for percutaneous transluminal coro- 
nary angioplasty (OR = operating room.) : 
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* 38% Involved in routine pre-PTCA patient evaluation 


Fig 3. Frequency cf billing for percutaneous transluminal coronary 
angioplasty (PTCA) standby services. (OR = operating room.) 


served for high-risk PTCA patients or for patients with 
uncertain indications for PTCA. 

Fees were charged for standby services by 51% of 
surgeons, 39% of anesthesiologists, and 38% of operating 
room facilities (Fig 3). The survey did not attempt to 
determine the usual fees for these services. 

Dissatisfaction with their present standby arrange- 
ments was expressed by 37% of surgeons. Among the 
specific complaints noted, the most common concerned 
possibly inappropriate patient selection for PTCA, inade- 
quate communication by cardiologists about high-risk 
patients, delay in referral of PTCAs with complications for 
emergent CABG, and inadequate reimbursement. 


Comment 


Since the inception of PTCA, a small percentage of pa- 
tients undergoing the procedure have experienced com- 
plications that jeopardize life or myocardium. It has been 
assumed that emergency surgical revascularization is the 
optimum treatment for these complications [4], an as- 
sumption that seems intuitively correct, and that surgical 
backup is an essential part of the safe practice of PTCA. 

The requirement of on-site cardiac surgical backup for 
PTCA has been mandated by two major task forces in the 
cardiology community [6, 18]. The World Health Organi- 
zation and International Society and Federation of Cardi- 
ology Task Force on Coronary Angiograms and Coronary 
Interventions stated in its 1987 report [18] that “surgical 
stand-by is essential for optimal safety of the procedure.” 
The American College of Cardiology/Americar. Heart As- 
sociation Task Force on Assessment of Diagnostic and 
Therapeutic Cardiovascular Procedures (Subcommittee 
on Percutaneous Transluminal Coronary Angioplasty) [6] 
also asserted that an absolute contraindication to PTCA is 
absence of a formal cardiac surgical program within the 
institution. However, these committees have not speci- 
fied what they consider to be the optimum mode of 
surgical standby. 

That emergency surgical services are required infre- 
quently has been well documented by the National Heart, 
Lung, and Blood Institute PTCA registries of 1977 to 1981 
and 1985 to 1986 [9]. In the first registry, which collected 
data on 3,248 PTCAs performed at 105 ceniers over 5 
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years, the rate of emergency CABG was 5.8%. The second 
registry collected data on 2,094 PTCAs performed at 15 
institutions over 2 years. The emergency CABG rate was 
3.5% in the registry of 1985 to 1986 despite an increase in 
age, multivessel coronary disease, left ventricular dys- 
function, and history of myocardial infarction in the latter 
PTCA cohort. The emergency CABG rate in the current 
survey (4.4%) was similar to those of the National Heart, 
Lung, and Blood Institute registries. These reports attest 
to technical advances and improvements in skill of PTCA 
practitioners, but patients who had emergency CABG 
after PTCA were noted to be worse surgical candidates 
than those from earlier years. Furthermore, although 
complication rates have shown a moderate decrease, the 
number of PTCAs performed annually has increased 
markedly. Thus, the total number of patients who have 
emergency CABG is increasing and the patients are 
poorer surgical candidates, 

Until now, institutions have selected standby arrange- 
ments according to their own facilities and resources, 
taking into consideration factors of PTCA and surgizal 
case loads, number of operating rooms, and availability of 
surgical, nursing, and anesthesia personnel. This has led 
to a wide range of standby practices. At one extreme, the 
catheterization laboratory and operating room coexist 
with little or no communication or coordination unless 
emergency surgical services are required. At the other 
extreme, all angioplasties are performed with an open 
operating room and a full complement of surgical, anes- 
thesia, and nursing personnel waiting to respond. Here- 
tofore, there have been few available data to suggest the 
prevalent modes of standby. 

Until 1987, the practice at The Johns Hopkins Hospital 
was to maintain an open operating room during the 
morning and early afternoon for PTCA backup. No elec- 
tive PTCAs were performed outside this “window.” A 
low rate of PTCA complications with infrequent use of the 
operating room raised doubts that this was the optimum 
use of the operating room facility. In September 1987, a 
modified “next available room” policy was implemented, 
with PTCA cases scheduled between 11:00 am and the 
end of the afternoon, a time that, provided the shortest 
waiting period between a PTCA mishap and an available 
operating room. Discussions during this transition iden- 
tified a lack of information about current patterns of 
standby practice elsewhere and led to the present survey. 

The survey showed that a high percentage of institu- 
tions still maintained an open operating room on standby; 
this percentage was higher than expected as a trend 
toward greater use of “next available room” backup had 
been perceived. Twenty-four percent of survey respand- 
ers used such a policy. Nearly one third of institutions 
had a flexible backup policy according to PTCA risk. This 
may be the most desirable arrangement, as the probability 
of surgical intervention after PTCA will vary from patient 
to patient. A system of risk stratification would allow 
better coordination of activity between the angioplasty 
suite and operating room. 

The survey also showed that standby services fre- 
quently were not reimbursed. The rate of reimbursement 
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was remarkably similar to that reported by Kouchoukos 
[16] in a survey on the economics of PTCA standby in 
1985. Presumably the cost for these services was absorbed 
in other budgets. The cost of surgical standby has been 
estimated to be $1,700 for each patient, but this figure 
must certainly depend on the institution and its mode of 
standby [19]. Whatever the cost, it is probably shouldered 
largely by cardiac surgical patients or by all hospital 
patients, a situation that obscures the true cost of PTCA. 
These considerations are relevant to cost comparisons 
between PTCA and surgical therapy. Of several recent 
articles addressing the cost of PTCA versus the cost of 
CABG, none included the cost of surgical standby [20-23]. 

This survey was descriptive of standby practice in the 
US for nearly 30,000 PTCAs performed in 1987 and 
includes many high-volume PTCA centers. It provides 
information to surgeons interested in the practice patterns 
of their colleagues. Information on the rate of PTCA 
complications and failures, derived from a large collection 
of centers and recorded by the surgeons who treat such 
complications, was an additional yield of the survey. It 
also identified a significantly lower rate of PTCA compli- 
cations among high-volume PTCA centers; although this 
observation appears to be predictable, the safety of PTCA 
in the hands of low-volume operators remained contro- 
versial in several recent reports [24-27]. 

Ideally, PTCA and CABG are complementary therapies 
in the palliative management of coronary artery disease 
[13]. Their respective roles have not yet been defined 
precisely [28]; until they are, they may occasionally be 
considered competitive therapies, with surgeon and car- 
diologist seemingly adversarial [29, 30]. Such a relation- 
ship unfortunately may interfere with the objective of 
optimum patient care. As PTCA and CABG find their 
proper respective roles, surgical backup for PTCA should 
be designed to provide the best possible supportive care 
for the PTCA patient. 
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DISCUSSION 


DR NORMAN J. SNOW (Cleveland, OH): Do you have any 
intuition from the responses or. from your experience at Johns 
Hopkins whether the delay of next available operating room has 
a measurable effect on outcome? I have always been concerned 
that for any given patient at any given moment in the day, the 
next available operating room might not be available for quite 
some time. Do you have any sense of whether this is a problem 
and, if it is, what is its magnitude? 


DR CAMERON: | do not have a sense about it from the survey. 
It appears that the shorter the delay between the complication 
and revascularizaiion, the better the result. Whether that delay is 
short or long will depend on the institution: how many operating 
rooms it is maintaining, its.surgical volume, and the availability 
of staff. Some institutions that maintain an open operating room 
may not have a team that can respond as quickly and as promptly 
as some busy centers that have an operating room available 
within 1 hour. 


DR NICHOLAS J. SEARS (Tampa, FL): I enjoyed your paper 
very much, and my question echoes Dr Snow’s. Did you find that 
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the hospitals that maintained open rooms were smaller and had 
a lower surgical and PTCA volume than hospitals that had a next 
available room policy? 


DR CAMERON: There was a trend toward use of next available 
room policy among institutions with larger cardiac surgical 
volumes. 


DR WILLIAM D. SPOTNITZ (Charlottesville, VA): I enjoyed 
your paper very much. According to your classification system, 
how was an institution classified when it coordinated availability 
of an operating room with PTCAs but did not necessarily leave 
the operating room open? That is, if a morning CABG was 
finishing and the angioplasty was coordinated to be between the 
first and second case so that although the operating room was 
available and open but it really did not result in a waste of 
operating room time, how was that classified in your system? 


DR CAMERON: They were classified as next available room. 
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A single-donor fibrin sealant system was used in 689 
thoracic arid cardiovascular surgical procedures over the 
4-year period between April 1, 1985, and March 31, 1989. 
An excellent overall success rate (646/689, 94% effective) 
was achieved with specific applications, including reduc- 
tion of leakage of air (29/33, 88% effective), blood (595/ 
` 634, 94% effective), and fluid (14/14, 100% effective), as 
well as positioning of anatomical structures such as 
coronary bypass grafts (8/8, 100% effective). Application 
methods included use of spray bottles (477/497, 96% 
effective), syringes (165/186, 89% effective), and a Silastic 
cannula through the flexible fiber-optic bronchoscope 


pi sealant or glue is emerging as an important 
adjunct to surgical procedures in this country. It can 
be used to achieve hemostasis and can also be used to 
reduce air and body fluid leakage. No commercially 
available fibrin sealant product is presently approved for 
use in the United States. A variety of methods are 
available, however, for producing single-donor fibrin- 
ogen, which can be used in combination with bovine 
thrombin to produce fibrin sealant [1-5]. We have used 
one of these methods [5] coordinated through the blood 
bank since April 1, 1985. Overall hospital use per year 
doubled as our surgical staff became familiar with the 
capabilities of this method. On the thoracic and cardio- 
vascular surgical service, this material has been particu- 
larly valuable. We report our experience using a readily 
- available fibrin sealant system in 689 patients over a 4-year 
period. 


Material and Methods 


Fibrin Sealant Preparation 

Concentrated fibrinogen is prepared routinely in the 
blood bank from single-donor human plasma tested for 
hepatitis B surface antigen and human immunodeficiency 
virus I antibody using a previously published method [5] 
easily performed in most blood banks. This technique 
meets the standards of the American Association of Blood 
Banks for blood component production and does not 
result in waste of valuable unstable clotting factors con- 
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(4/6, 67% effective). The system was used in a wide 
variety of cardiac, pulmonary, esophageal, and vascular. 
procedures to seal staple lines, suture lines, anastomo- 
ses, conduits, fistulas, and raw surfaces. No complica- 
tions with this single-donor system secondary to blood- 
borne disease have been documented. Overall infection 
occurred at a nominal rate (16/689, 2%). Thus, fibrin 
sealant has beei a useful tool.to control the leakage of 
air, blood, and fluid during a wide variety of thoracic and 
cardiovascular procedures and may be of benefit to other 
surgeons. i y 
(Ann Thorac Surg 1990;50:40—4) 


tained in conventional cryoprecipitate. Our method pro- 
duces fibrinogen (4,003 + 524 mg/dL) that is significantly 
more concentrated (n = 10, p < 0.05) as compared with 
American Red Cross Blood Bank cryoprecipitate contain- 
ing fibrinogen (2,903 + 1, 459 mg/dL) [5]. The material can 
be rapidly thawed and transported to-the opérating room 
for withdrawal from a satellite pack bag (approximately 2 
to 5 mL/bag) and use during operations. The blood bank 
maintains a permanent record of the fibrinogen used in 
individual patients, and records are also placed in the 
patierit’s permanent medical chart. The concentrated fi- 
brinogen is combined with commercially available topical 
bovine thrombin in a ratio of 1:1. Varying concentrations 
of thrombin (100 to 1,000 National Institutes of Health 
units/mL) can be used. Higher concentrations increase the 
rate of sealant formation. It has not been necessary to add 
calcium to enhance the rate of fibrin formation in this 
system, and no antifibrinolytic agents were used. 


Fibrin Sealant Application 
A wide variety of application techniques were developed 
and used during the 4-year period. Initially, the concen- 
trated fibrinogen and bovine thrombin components were 
placed in individual syringes with blunt-nose cannulas for 
simultaneous controlled local suture line application. This 
application method results in precise delivery of sealant to 
specific areas and also requires only small amounts of the 
individual sealant components. Thorough uniform mix- 
ing of the components is not easily achieved with this 
technique, however, and the technique results in a slowér 
rate of sealant formation as well as less tensile strength. 
A second method of application involved use of com- 
mercially available spray bottles [6]. This technique pro- 
duces small droplets of each sealant component and 


NN3-4975/00/63 5N 


Ann Thorac Surg 
1990;50:40-4 


Table 1. Fibrin Sealant Experience on the Thoracic and 
Cardiovascular Surgical Service, 1985-1989 


Use l Success Rate (%) No. of Cases 
Overall 4 546/689 
Air 88 29/33 
Blood 94 595/634 
Fluid 100 14/14 


Position 100 8/8 


results in excellent uniform mixing of up to 20 mL of each 
component. A rapidly forming thin layer of sealant can be 
applied to large surfaces with this method. This approach 
has been particularly valuable for dealing with bleeding 
from adhesions during reoperative procedures. This 
method may result in the use of larger volumes of sealant, 
however, and expose the patient to a potentially greater 
risk of bloodborne disease transmission. 

The sealant can be applied with the aid of an absorbable 
cellulose or collagen sponge. After the sponge is soaked in 
sealant, it acts tò transfer the sealant to the desired 
location and is a particularly effective means of arresting 
active bleeding. The sponge acts to tamponade bleeding 
while also serving as a vehicle to transport the fibrin 
sealant to the bléeding site. 

In addition, the sealant has been applied through a 
Silastic cannula (Olympus Corporation of America, New 
Hyde Park, NY) inserted through the fiber-optic broncho- 
scope [7, 8]. With this method, 1 mL of fibrinogen can be 
followed by 1 mL of thrombin and application can occur in 
any segment of the bronchial tree accessible to the flexible 
bronchoscope. This procedure has been valuable in con- 
trolling small (<4 mm) bronchopleural fistulas. 


Fibrin Sealant Effectiveness 


All surgeons using fibrin sealant were asked to complete 
a data sheet after using the material. The operative 
procedure and method of application were documented, 
and the surgeons’ subjective assessments of sealant effec- 
tiveness were recorded. Criteria for successful use of the 
sealant required that the surgeon judge the sealant to 
have been effective and that the patient not require 
reoperative exploration: for inadequate hemostasis or for 
persistent air or fluid leak. Patient data were maintained 
in a personal computer database manager for later evalu- 
ation. This report summarizes our 4-year thoracic and 
cardiovascula- service experience based on this database. 
Infectious complications were evaluated by correlating a 
hospital-wide database for all types of infections with the 


Table 2. Methods of Fibrin Sealant Application 


Method “Success Rate (%) l No. of Cases 
Spray 96 477/497 
Syringe 89 165/186 
Bronchoscope 67 4/6 
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Table 3. Fibrin Sealant Applications During Thoracic and 
Cardiovascular Operations 





Application Success Rate (%) No. of Cases 

Pulmonary staples 94 17/18 

Bronchial anastomoses 88 7/8 
or stump 

Bronchopleural fistulas 60 3/5 
(bronchoscope) 

Mediastinal bleeding 94 186/197 

Coronary anastomoses 89 51/57 

Conduits and suture 94 331/351 
lines 

Esophagus 100 11/11 

Other 95 40/42 








fibrin sealant database from April 1, 1985, through March 
31, 1989. 


Results 


Fibrin sealant use on the thoracic and cardiovascular 
surgery service at the University of Virginia Health Sci- 
ences Center was evaluated for a 4-year period. Six 
hundred eighty-nine procedures were performed using 
fibrin sealant, with an overall success rate of 94% (646/ 
689). Procedures included 177 coronary artery bypass 
graft operations, 121 valve replacements, 49 reoperation 
coronary artery bypass or reoperation valve replacements, 
34 combined coronary bypass and valve replacements, 32 
pulmonary resections, 35 thoracic aortic aneurysm or 
dissection repairs, 88 congenital cardiac operations, 39 
abdominal aorta procedures, and 114 miscellaneous oper- 
ations including esophagectomies, mediastinal reexplora- 
tions, and chest wall procedures. The material was used 
to control leakage of air, blood, and body fluids with 
excellent success rates (Table 1). It was also highly effec- 
tive in positioning bypass grafts. A variety of application 
methods were used, including spray application as an 
aerosol, syringe application as a liquid, and application 
through a cannula placed into a flexible fiber-optic bron- 
choscope (Table 2). The spray method of application had 
the highest overall success rate (477/497, 96% effective). 
Specific uses of the sealant system (Table 3) included 
reduction of bleeding from diffuse areas of the mediasti- 
num, specific sites at coronary artery bypass graft anasto- 
moses, long suture lines, and the surface of synthetic 
conduits. The technique was used to control air leaks from 
pulmonary staple lines, bronchial anastomoses, and bron- 
chopleural fistulas. Fibrin sealant was also used to seal 
esophagogastric anastomoses to reduce the theoretical 
risk of postoperative leakage. Success rates varied be- 
tween a low of 60% (3/5) for bronchopleural fistulas and a 
high of 100% (11/11) for esophageal anastomoses. The 
system was also useful in a number of other applications, 
including alignment of bypass grafts, sealing of chylous 
leakage, and reduction of potential bleeding from cardiac 
monitoring catheter insertion sites and of raw surface 
bleeding from the liver, lung, and chest wall. E 
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Table 4. Fibrin Sealant Experience on the Thoracic and 
Cardiovascular Surgical Service, 1985-1989 


Infectious 

Complication % No. of Cases 
Overall 2.3 16/689 
Superficial infection 1.4 10/689 
Major infection 0.7 5/689 
Pneumonia i 0.1 1/689 


Review of blood bank and epidemiological records 
showed no evidence of bloodborne disease transmission 
using the sealant system. The overall infection rate was 
nominal (16/689, 2.3%) (Table 4). Major infection requiring 
. Operative wound drainage or wound debridement oc- 
curred in 0.7% (5/689). No other sealant-related complica- 
_ tions were noted. 


Comment 


Fibrin sealant or glue is an established surgical material in 
Europe and Canada where a commercially manufactured 
system is available. This product is not available in the 
United States because of the potential risk of bloodborne 
disease transmission by the fibrinogen obtained for the 
manufactured product from pooled human plasma. The 
effectiveness of the system, however, is well known, and 
a large body of literature emphasizes its usefulness [9-12]. 
With the increasing popularity of single-donor methods 
for obtaining concentrated fibrinogen [1-5], surgeons in 
this country have been gaining more clinical experience in 
the use of this modality [2, 13, 14]. 

We reviewed the use of fibrin sealant in 689 patients 
undergoing thoracic and cardiovascular surgical proce- 
dures over a 4-year period. During this time, the capacity 
to use this method has improved with experience. New 
methods of application [6, 7] and indications for use in 
general [14] as well as in thoracic and cardiovascular 
surgery have evolved. The support of our blood bank has 
been invaluable and has enabled us to use a highly 
concentrated and readily available form of fibrinogen with 
a decreased risk of bloodborne disease transmission [5]. 


Advantages 


This study documents the successful use of fibrin sealant 
in a wide variety of thoracic and cardiovascular operative 
procedures. Mediastinal bleeding during cardiac opera- 
tions is a potentially serious complication, and spray 
application of this system to patients with apparently 
excessive nonsuturable bleeding at the end of an opera- 
tion reduces postoperative bleeding [13]. This effect is 
particularly notable during cardiac reoperation when 
bleeding from adhesions may be clinically significant. 
When fibrin glue was used in reoperation valve or coro- 
nary artery bypass graft operations, only one reexplora- 
tion for bleeding was needed in 49 cases. Arterial bleeding 
from coronary artery anastomoses is not always control- 
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lable using this method, and fibrin sealant is never a 
substitute for excellent surgical technique. It will not stop 
arterial bleeding requiring a suture for hemostasis. When 
used to seal conduits, the system is particularly valuable. 
It avoids the necessity of choosing a graft early in a 
procedure. It also eliminates the need to preclot a graft 
with nonheparinized blood and reduces the time delay 
required for baking an albumin-soaked graft. In addition, 
the gelatinous sealant tends to reseal needle holes in the 
graft and prevent bleeding at suture holes. The agent can 
be added to long, inaccessible suture lines to reduce the 
risk of blood loss and is effective in congenital cardiac 
operatior.s. 

In pulmonary resections, fibrin sealant is useful in 
reducing blood and air leak from lung surfaces and 
bronchial anastomoses. Application of fibrin sealant to 
pulmonary staple lines also appeared effective. Small 
bronchopleural fistulas can be controlled without major 
operative procedures when this method is used [7, 8] in 
combination with the flexible bronchoscope. This may 
reduce morbidity and hospital costs substantially. 

The system has been used to reinforce stapled gastro- 
esophageal anastomoses, and there were no postopera- 
tive leaks in the 11 patients in whom it was used. These 
advantages are all potential and unproven, however, as 
we did not conduct any controlled prospective study 
confirming the capabilities of fibrin glue. 

The benefits of our own technique include its easy 
availability from the blood bank and its reduced risk of 
bloodborne disease transmission [5]. It can reduce expo- 
sure to platelets, fresh frozen plasma, blood, and other 
products [13] when used to enhance hemostasis. 


Disadvantages 


This study itself was not randomized or prospective and 
therefore provides only historical information suggesting 
the usefulness of fibrin sealant, which was used only with 
a specific surgical indication. The method was not used in ` 
a routine prophylactic way because of the risk of blood- 
borne disease transmission. The surgeon using fibrin 
sealant must thus weigh the risks, benefits, and alterna- 
tives to its use in each individual case. 
` The syringe method useful for sealing suture lines and 
the bronchoscopic method useful for sealing bron- 
chopleural fistulas require small amounts of fibrinogen 
and thrombin. The spray method useful for applying 
sealant to large surface areas can easily result in use of 
larger volumes of fibrinogen, however, which may in 
itself increase blood-product exposure to the patient. 

Fibrin sealant is a potential growth media for bacteria 
and should not be used in situations in which infection is 
very likely to occur. In this study, use of fibrin sealant 
resulted in a nominal overall infection rate of 2%. ` 

This agent is a potential antigenic stimulant and tissue 
reaction theoretically can be induced by its use, which 
theoretically can result in an inflammatory response or 
fibrosis. Recent work in an animal model using sealant 
without antifibrinolytic agents demonstrated no evidence 
of clinically significant inflammatory response or fibrosis 
with this particular system [15]. 
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Summary 

In summary, this historical study shows that a fibrin 
sealant system has been a useful agent in reducing leak- 
age of air, blood, and other fluids in a wide variety of 
operations during 4 years of thoracic and cardiovascular 
surgery. Complications have not been clinically signifi- 
cant. The system should be used only with specific 
indications because the risk of bloodborne disease trans- 
mission, however minimal, does exist. 





We thank Maggie Harmon, Barbara Hoover, and Carole Hoadley 
for assistance in manuscript preparation. 
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DISCUSSION 


DR THOMAS A. ORSZULAK (Rochester, MN): We are also 
using fibrin sealant, and I would like to ask your comments about 
a technique that one of my colleagues has used, more so for 
congenital patients, by which one of the parents is the single 
donor, which in the minds of my colleagues totally eliminates the 
risks of acquired immunodeficiency syndrome and hepatitis. For 
elective operations in adults, if time allows, patients can donate 
their own. 


DR MATTHEW: I agree. We have a system by which patients 
can donate their own blood before operation for manufacture of 
fibrin sealant. But as you know, this is not a blood-type-specific 
product, so it certainly could be obtained from the blood of a 
parent or other family member. That is a very good idea, and I 
think we may even consider exploring it. 


DR JOHN W. HAMMON, JR (Nashville, TN): We have had 
some experience using a fibrin sealant produced with cryopre- 
cipitate and thrombin, so we may well be talking about apples 
and oranges. We have had some concerns about using the sealant 
in congenital heart surgery in certain patients, especially with 
anastomoses around the pulmonary arteries, ie, in a patient 
who has truncus arteriosus or perhaps arterial switch proce- 
dures. The creamy, white pannus that is produced by the use of 
fibrin sealant was remarkably similar in appearance several 
months or years later when these patients were reoperated on for 
various problems, and it produced quite a thick scar which 
we theorized was due to use of this material. Therefore, we have 
not used it with as much gusto in this type of patient. I wished 


to offer this caveat and ask whether you had any comment about 
it. 


DR MATTHEW: Well, it is a two-part question. I will give a 
two-part answer. First, we are not talking about apples and 
oranges. The product that is made from cryoprecipitate also uses 
fibrinogen. In a paper we published in the American Surgeon in 
August 1987, we reported that the UVA preparation has a 
significantly greater concentration of fibrinogen than does the 
ordinary cryoprecipitate. It is greater by a magnitude of approx- 
imately two. Therefore, we believe that a lesser amount can be 
used and still produce a more effective fibrin sealant with the 
higher concentration. Second, the cryoprecipitate has unstable 
clotting factors that might better be used for other purposes and 
are not necessary for the manufacture of fibrin sealant. With 
regard to cost, therefore, it would be better to use the UVA 
method than to waste valuable cryoprecipitate. 

To determine how long the fibrin glue lasts, we have per- 
formed some studies in calves. Recently, I also performed some 
studies in rats for the same reason. The glue is almost gone after 
24 hours. We find that it sets up the matrix for healing and, in 
various cases, for hemostasis; in the case of bronchopleural 
fistulas, it allows the lung to reexpand. After about 24 hours, 
however, it is gone, and the body’s normal function then takes 
over for the healing process. Therefore, I would be very surprised 
if the scar you found was related to the fibrin glue. In the study 
we preformed with chest tube drainage in calves, we found a 
significant decrease in chest tube drainage after operation. At 
postmortem evaluation of the epicardial surface, our pathologist, 
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using special stains, could not find any evidence of fibrinogen or 
any extra inflammation. 


DR KAMAL A. MANSOUR (Atlanta, GA): I do not want to let 
the principle of esophageal anastomosis be destroyed. I think it 
makes a lot of sense to use your sealant for bronchial leak, 
pulmonary leak, or blood leak. But for gastroesophageal anasto- 
mosis, everything depends on tension on the suture line, vascu- 
lar blood supply, and precise surgical technique. Covering the 
anastomosis with a sealant while the tissues are sloughing 
underneath makes no sense whatsoever. I think you were lucky 
in that nothing bad happened, because nothing bad would have 
happened if you used nothing at all. This is a very serious point, 
and you are really attacking a very well-established principle. I 
disagree totally with using fibrin sealant for gastroesophageal 
anastomosis. 


DR BENDER (President): I think Dr Mansour makes a good 
point. I think it is very difficult to know what success rate means 
in your data. The bleeding stopped, but it generally does any- 
way, and I think it is a difficult thing to measure. 


DR MATTHEW: I agree completely that fibrin glue is not a 
substitute for excellent surgical technique, and certainly the 
surgeons at the University of Virginia are very excellent and have 
very good results. Therefore, they may have had no leak without 
the use of glue. Nevertheless, there is no reason not to make your 
best effort with fibrin glue as a sealant. I do not think that it 
harms the anastomosis, if that is the implication. If you have 
good surgical technique, there is no reason why you cannot use 
fibrin glue as an adjunct. It is not going to decrease your ability 
to perform a good operation. 


DR WILLIAM D. SPOTNITZ (Charlottesville, VA): With regard 
to the issue of autologous donation of fibrinogen or directed 
donor sources for fibrinogen, I believe it is important to realize 
that blood banks are very concerned about the issues of the origin 
of the fibrinogen and how it is going to be donated: whether it is 
from cryoprecipitate or other sources. I think we should all 
remember that the best source clearly is autologous fibrinogen. 
We do have a system such as that established at the University of 
Virginia and try to use it preferentially. 
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I was concerned, however, about the issue of relatives and 
friends donating blood products. I think we should all remember 
a principle considered important by the head of the blood bank at 
the University of Virginia. Certainly family members who are 
asked to donate for a patient are not going to be able to admit 
objectively that they may have had bloodborne disease exposure. 
Therefore, I am not convinced that the family’s donations are 
necessarily reliable blood products. I believe it is important to 
remember that the best solution is autologous fibrinogen. 


DR FRED H. EDWARDS (Washington, DC): Do you have 
problems with autotransfusion after you use fibrin glue for your 
aortic or cardiac cases? y 


DR MEREDITH L. SCOTT (Orlando, FL): Is there a quantitative 
difference in your concentrated fibrinogen versus the cryoprecip- 
itate that we and other doctors use? In other words, clinically, 
does the cor.centrated fibrinogen clot better than the cryoprecip- 
itate? 


DR MILTON V. DAVIS (Kaufman, TX): Jim Murphy from 
Oteen, who, along with Hawley Seiler and DeWitt Daughtry, 
started this organization, wrote extensively on bronchopleural 
fistula. He was probably about the only identifiable man in his 
era who was telling the truth, and Murphy had a Murphyism that 
stated: “All bronchial closures leak. It’s just a matter of degree.” 
I think he was probably right to some extent, because we have all 
learned to cover stumps, and the glue may have an application in 
such cases. It is wonderful to hear this kind of presentation and 
this kind of discussion. Regardless of how much some people 
tear it apart, the glue must have some usefulness. 


DR MATTHEW: The answer to the question about autotransfu- 
sion is no. I: has been postulated that the glue might clog chest 
tube drainage and interfere with the use of autotransfusion, but 
we have not had that problem and we use autotransfusion 
frequently. In terms of a quantitative difference between cryo- 
precipitate fibrinogen levels and our UVA blood bank method, 
there is a difference, and I refer you to the article that I 
mentioned. We demonstrated a statistically significant difference 
between the concentration of the two methods. 


Esophageal Perforation: A Therapeutic Challenge 
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The records of 64 patients with esophageal perforation 
treated since 1958 were reviewed. There were 19 cervical 
perforations, 44 thoracic perforations, and one abdomi- 
nal perforation. Thirty-one perforations (48%) were due 
to injury from intraluminal causes. Twenty (31%) re- 
sulted from extraluminal causes: penetrating wounds, 11; 
blunt trauma, 3; and paraesophageal operations, 6. 
Eleven (17%) were spontaneous perforations, and two 
(3%) were caused by perforation of an esophageal malig- 
nancy. Ten (91%) of 11 patients with cervical perforations 
treated less than 24 hours after injury survived compared 
with 6 (75%) of 8 patients treated more than 24 hours after 
injury; hence 16 (84%) of the 19 patients in the cervical 


Fcrbeees! perforations continue to carry a serious 
prognosis because of the associated high rate of 
morbidity and mortality [1]. The unique anatomical con- 
figuration of the esophagus, that is, lacking a serosal layer 
and being surrounded by loose areolar tissue, allows 
bacteria and digestive enzymes easy access to the medi- 
astinum, and this leads to the development of severe 
mediastinitis. empyema, sepsis, and ultimately multiple- 
organ failure. The treatment of esophageal perforations 
has evolved over the past 30 years, and substantial 
improvements in the results are due to the use of hyper- 
alimentation, antibiotics, and better postoperative care 
[2]. Nevertheless, the management of delayed or missed 
perforations remains controversial. We review here our 
experience with esophageal perforation since 1958. 


Material and Methods 


Classification 


Esophageal perforations constitute such a heterogeneous 
group of injuries that some form of unifying classification 
is indicated. Perforations of the esophagus are classified 
in Table 1 according to cause, as the latter affects the 
clinical symptomatology, therapy, and prognosis. This is 
a modification of the classification of Seiler and Brooks [3]. 
Injuries from intraluminal agents are by far the most 
common and are listed first. Spontaneous perforations 
and perforations occurring on the basis of preexisting 
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group survived. In the thoracic group, 19 patients were 
treated within 24 hours with 16 survivors (84%) com- 
pared with 25 patients treated beyond 24 hours with 12 
survivors (48%); hence 28 (64%) of the 44 patients in the 
thoracic group survived. The patient with an abdominal 
perforation survived. Thirty patients underwent primary 
suture closure of the perforation, and 25 (83%) lived. 
Seventeen patients had drainage, and 10 (59%) lived. 
Total esophagectomy was performed in 9 patients. 7 
(78%) of whom survived. Exclusion-diversion procedures 
were performed in 5 patients, and 1 (20%) survived. 
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disease are listed separately because of the complex prob- 
lems they present in diagnosis and treatment. 


Patient Population 


The hospital records of 64 patients treated for esophageal 
perforation at the University of Maryland Hospital be- 
tween 1958 and mid-1989 were reviewed. There were 42 
men and 22 women with a median age of 47.5 years. The 
cause of the perforations is shown in Table 1. 

The largest number of patients, 31 patients or 48%, nad 
perforations due to intraluminal causes (group A). The 
instrumentation-associated injuries resulted from endos- 
copy in 13 patients, dilation of strictures in 9, and at- 
tempted tracheal intubation in 2. Two perforations were 
caused by foreign bodies; 2, balloon dilation for achalesia; 
and 3, ingestion of caustic material. 

The second largest group, 20 patients or 31%, had 
injury due to extraluminal causes (group B). Most of these 
patients (11) had penetrating wounds (ten gunshot 
wounds and one stab wound). In 3, the perforation 
resulted from blunt trauma (after a fall in 2 and a motor- 
cycle accident in 1) and in 6, after a thoracic suzgical 
procedure (hiatus hernia repair, 4; Zenker’s diverticulum, 
1; and ligation of esophageal varices, 1). 

Group C comprised 11 patients (17%) with perforation 
due to Boerhaave’s syndrome and group D, 2 paiients 
(3%) with perforation caused by squamous cell carcinoma 
of the middle third of the esophagus. 

Nineteen perforations involved the cervical esophagus, 
44 the thoracic esophagus, and one the abdominal esoph- 
agus. The last was caused by a fall from a bicycle. 
Underlying esophageal disease was documented in 28 
patients (44%). Underlying esophageal diseases that were 
associated with but did not cause the perforation included 
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Table 1. Classification According to Cause of Perforation 





No. of 
Patients 
Cause (n= 64) % 
A. Injury from intraluminal causes 31 48 
Instrumentation 24 
Endoscopy 13 
Dilation f 9 
Intubation 2 
Sclerotherapy 0 
Foreign body 2 
Pneumatic injury 2 
Caustic ingestion 3 
B. Injury from extraluminal causes 20 31 
Penetrating wound 11 
Blunt trauma 
Operative injury 6 
C. Spontaneous perforation 11 17 
D. Perforations associated with preexisting 2 3 
esophageal disease 
Tumor 2 
Esophagitis 0 


malignancy (5 patients), esophageal stricture (12), hiatus 
hernia (4), motility disorders (5), esophageal varices (1 
patient), and compression by lymph nodes involved with 
Hodgkin’s disease (1). 

The clinical diagnosis of perforation was confirmed by 
contrast study with Gastrografin (diatrizoate meglumine 
and diatrizoate sodium) initially, When extravasation of 
contrast medium was not demonstrated by Gastrografin 
swallow, in the presence of a clinical situation highly: 
suggestive of perforation, diluted barium was used. The 
perforation was missed in 5 patients (8%) in this series 
using Gastrografin alone. Esophagoscopy was performed 
mostly in patients with perforation due to traumatic 
injury and in patients who were suspected of having a 
perforation but in whom one could not be demonstrated 
by contrast study. 


Treatment 
The selection of the operative procedure is dependent on 
the clinical condition of the patient after the esophageal 
perforation. This in turn is dependent on the time interval 
elapsed between the onset of the perforation and therapy, 
and on the underlying disease. The longer the interval 
after the perforation, the sicker the patient and the less 
extensive the procedure used. Based on this presumption, 
patients who were diagnosed early underwent primary 
repair of the perforation, whereas patients with a delayed 
diagnosis underwent a drainage procedure, or a modifi- 
cation thereof, with a less favorable prognosis. Patients 
whose perforation was caused by an underlying disease, 
such as malignancy, underwent a more radical surgical 
procedure. 

Sixty-two patients (97%) were treated surgically. Twen- 


Ann Thorac Surg 
1990;50:45-51 


ty-eight (45%) of the surgical patients, including all of 
those with perforation due to extraluminal injury (pene- 
trating, blunt, and associated with thoracic surgical pro- 
cedure), underwent primary suture closure when the 
diagnosis was made less than 24 hours after perforation. 
In 2 patients with achalasia in whom the diagnosis was 
made soon after balloon dilation, a Heller esophagocardi- 
omyotomy was performed concomitantly with primary 
closure of the perforation. 

Total esophagectomy was performed in 9 patients be- 
cause of the presence of underlying disease of the esoph- 
agus: three perforations were associated with dilation of 
peptic strictures, three were due to necrosis of the esoph- 
agus from caustic ingestion, and three were due to ma- 
lignancy of the esophagus. Two of the malignancies 
perforated without manipulation, whereas one perforated 
during gastroscopy and biopsy of an adenocarcinoma of 
the cardia of the stomach. Six of the esophagectomies 
were transthoracic and three, transhiatal. Two total gas- 
trectomies were performed simultaneously with esoph- 
agectomy for caustic necrosis of the stomach. Colon 
interposition was performed in 3 patients 7 weeks to 6 
months after esophageal resection. 

There were five exclusion-diversion operations with a 
feeding jejunostomy, four in patients’ with perforations 
who were treated more than 24 hours after perforation 
and one in z patient whose perforation was treated within 
24 hours because of the friability of the tissues. Three 
exclusion-diversion operations were performed for spon- 
taneous perforations, one for delayed perforation due to a 
gunshot wound, and one for accidental perforation of the 
esophagus during mediastinoscopy for Hodgkin's dis- 
ease. 

Seventeen patients with late perforations underwent 
drainage procedures: eight cervical and nine thoracic- 
mediastinal. One Thal procedure was performed 2 days 
after a spontaneous perforation. 

Two patients were treated nonoperatively because the 
perforations were contained, and they did not show any 
signs of sepsis. One was a cervical perforation that was 
due to a foreign body (a piece of glass) and was diagnosed 
late; and the other was diagnosed immediately after rigid 
esophagosccpy with biopsy of a peptic stricture. 


Results 


Because the cervical and thoracic perforations constitute 
the largest groups of perforations, the characteristics of 
each group are summarized in Table 2. The two groups 
appear to be homogeneous with no significant difference 
in age, sex, cause of perforation, time elapsed between 
the onset of perforation and therapy, types of operative 
procedures, and years of therapy. The only significant 
difference between the two groups is underlying disease, 
which is more predominant in the thoracic group (p = 
0.049). The survival rate in the cervical perforation group 
was 16 (84%) of 19 and in the thoracic perforation group, 
28 (64%) of 44 patients. No significant difference could be 
demonstrated between the two groups, presumably be- 
cause of the small sample size (Table 3; Fig 1). 
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The various risk factors affecting survival are summa- 
rized in Table 3 and Figure 1. Statistical analysis was 
performed using the x7, rank sum, and Fisher's exact test 
(t tail) from the Statistical Analysis System. Three factors 
were found to affect survival: age, cause of perforation, 
and time interval between perforation and therapy. 


Age ' 
The median age of the survivors was 36 years compared 
with 56 years for the nonsurvivors (= 0. 0127): 


Cause of Perforation 

There was a significant difference in survival between 
group A (injury from intraluminal causes) and group C 
(spontaneous perforations) (p = 0.001) (see Fig 1). This 
difference is attributed partly to age differences, as the 
median age of group A was 46 years compared with 59 
years in group C (p = 0.033), and partly to the underlying 
disease, as group A had 22 patients with underlying 
disease compared with none in group C (p = 0.0001). A 


Table 2. Characteristics of Cervical and Thoracic Perforation 
Groups 


Cervical Thoracic 
Variable (n = 19) (n = 44) p Value 
Rank sum test ; l 
Age (yr) : ’ NS 
Mean 41.5 45.6 
Median 36 50 
X Test 
Sex 
Male 14 27 NS 
Female 5 17 NS 
Etiology group 
A 9 22 NS 
B 10 9 NS 
Cc 0 11 NS 
D 0 2 NS 
Time interval , 
<24h 11 19 NS 
>24h - 8 25 NS 
Operation l 
Primary suture 12 17 NS 
Drainage 6 11 NS 
Esophagectomy 0 9 NA 
Exclusion-diversion 0 5 NA 
Thal ` 0 1 NA 
Nonoperative 1 1 NS 
Underlying disease 0.026 
Present 5 25 
Absent 14 19 . 
Years of therapy + 0.049 
1958-1974 © 12 16 l 
1975-1989 ous, E7 28 


NA = not applicable; NS = not significant. 
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Table 3. Factors Affecting Survival in Patients With 
Esophageal Perforation"? 


l Non- 
Variable Survivors survivors p Value 
Median age (yr) 36 56 0.0127 
Location : NS 
Cervical 16 (84) 3 
Thoracic 28 (64) 16 
Cause 
Group A 26 (84) 5 
Group B 15 (75) 5 
Group C 3 (27) 8 
Group D 1 (50) 1 
A versus C 0.001 
B versus C 0.014 
Time interval 0.004 
<24h 27 (87) 4 
>24h 18 (55) 15 
Operation NS 
Primary suture 25 (83) 5 
Drainage 10 (59) 7 
Esophagectomy 7 (78) 2 
Exclusion-diversion 1 (20) 4 
Underlying disease NS 
Present - 24 6 
Absent 21 13 
Years of therapy NS 
"1958-1974 19 (68) 9 
1975-1989 7 28 


ê Numbers in parentheses are percentages. | Data for location and 
years of therapy exclude patient with abdominal perforation. 


NS = not significant. 


significant difference in survival was also noted between 
group B (injury from extraluminal causes) and group C 
(spontaneous perforations) (p = 0.014). This was partly 
due 'to age differences, the median age of group B being 
27.5 years compared with 59 years in group C, and partly 
due to the time interval between the diagnosis of the 
perforation and therapy. In group B, 13 of 20 patients 
were treated less than 24 hours after the perforation 
compared with 8 of 11 patients in group C treated more 
than 24 hours after perforation (p = 0.044). 


Time Interval Elapsed Bawi Esophageal PENEN 
and Therapy 5 

There were 31 patients with esophageal perforations 
treated within 24 hours, with 27 survivors (87%), com- 
pared with 33 patients treated more than 24 hours after 
perforation, with 18 survivors (55%). Statistical analysis of 
the two groups demonstrated a highly significant effect of 
the time interval elapsed between perforation and therapy 
(p = 0.004). Survival in the group treated more than 24 
hours after perforation was significantly worse. 
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Fig 1. Significant risk factors 
affecting survival. (A = intraluminal 


perforations; B = extraluminal perfo- Survival % 
rations; C = spontaneous perfora- 100 Sy 
tions; Cerv = cervical; DIV = diver- 16 
sion-exclusion; DR = drainage; ESO 90 JN" 
= esophagectomy; NS = not signifi- 80 
cant; P = primary T Thor = i 
thoracic.) 70 
60 
50 
40 
30 
20 
10- 
0- : 
CervThor 
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Comment 


Over the past 30 years, certain principles have evolved in 
the management of acute perforations of the esophagus. 
Cervical perforations are mostly due to traumatic injuries 
resulting from gunshot wounds, stab wounds, and inju- 
ries secondary to instrumentation. The perforation fre- 
quently is diagnosed early because of the high suspicion 
of its occurrence, especially in the case of penetrating 
injuries. Confirmation of the clinical diagnosis is made by 
Gastrografin study, and surgical intervention is instituted 
without delay. Primary closure of ‘the perforation with 
drainage is associated with a high success rate. Blader- 
groen and associates [4] reported that for 37 patients with 
cervical perforations, the survival rate was 90%. They 
attributed thé improved survival after cervical perforation 
to be at least in part due to a greater percentage ¢ of patients 
being treated within 24 hours of injury. Nesbitt and 
Sawyers [2] documented that among 17 patients with 
cervical perforations, no deaths occurred in the 15 pa- 
tients treated within 24 hours and two deaths in the 2 
patients treated beyond this time period. 

Our series confirms these reported findings. There 
were 10 survivors among 11 patients with cervical perfo- 
rations treated within 24 hours, a survival rate of 91%, 
compared with 6 survivors among 8 patients treated more 
than 24 hours after injury, a survival rate of 75%. The 
overall survival for the cervical group was 16 (84%) of 19 
patients. Occasionally a cervical perforation cannot be 
located by contrast study or esophagoscopy; nevertheless, 
the esophagus should be explored. When the perforation 
cannot be located’ intraoperatively, simple drainage will 
be adequate. ` 

Most thoracic perforations are caused by instrumenta- 
tion: after endoscopy or are spontaneous. Some are due to 
penetrating injury, paraesophageal operation, or sclero- 
therapy. There is a consensus in the literature that they 
should be treated ae with primary .closure of the 
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perforation and wide drainage of the mediastinum when 
the diagnosis is made within 24 hours of the perforation 
[1-3]. The wound should be covered with a well- 
vascularized tissue flap after closure of the perforation. 

Flynn and co-workers [5] reported that 7 of 31 patients 
with perforations of the distal esophagus died, a mortality 
rate of 23%. In a study by Goldstein and Thompson [6], 44 
patients had a total of 50 esophageal perforations. Twen- 
ty-three patients were treated with suture closure of the 
perforation and drainage. There were four deaths in this 
group, a mortality rate of 17%. In our series, 17 patients 
had primary repair of a perforated thoracic esophagus. 
There were three deaths, a mortality rate of 17%. f 

In 3 patients in our primary repair group, the primary 
suture repair was buttressed with a Grillo pleural flap [7], 
and the results were excellent in all 3. Gouge and col- 
leagues [8] reported their experience in 14 patients with 
thoracic perforations in whom the suture line of closure 
was buttressed’ with a circumferential wrap of parietal 
pleura. All 14 patients recovered. 

In recent years, muscle flaps have been used with 
increasing frequency. In 1985, Richardson and colleagues 
[9] reported that use of muscle flaps led to excellent 
results in 5 patients. Gouge and associates [8] summa- 
rized the results of ten reports comparing simple repair 
with repair with autogenous tissue buttress. In 158 simple 
repairs, there was a 39% incidence of fistulas and a 
mortality rate of 25%, and in 99 repairs with autogenous 
tissue buttress, a 13% incidence of fistulas and a mortality 
rate of 6%. 

As for the management of thoracic perforations with 
delayed diagnosis, various modalities of therapy have 
been recommended. The goal of most of these procedures 
is to drain the infected mediastinim and pleura and to 
divert the esophageal and gastric secretions from these 
two areas. The methods include open or closed drainage 
of the thoracic cavity, exclusion-diversion operation [10], 


en 
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which entails a cervical esophagostomy, exclusion of the 
thoracic esophagus at the cardia, gastrostomy, and feed- 
ing jejunostomy. However, the reported results of these 
procedures have not been uniformly satisfactory. In a 
compilation of published reports on the results of these 
procedures [8], 58 patients treated with an exclusion- 
diversion procedure had a 35% mortality rate and 22 
patients treated with a T tube, a 36% mortality rate. Our 
experience with the exclusion-diversion procedure is 
equally dismal. There was only 1 survivor among 5 
patients, a result that led us to abandon that technique. 

Other authors recommend the use of esophagectomy in 
the treatment of esophageal perforation. Orringer and 
Stirling [11] reported that 24 patients with intrathoracic 
esophageal perforations underwent esophagectomy with 
three hospital deaths (13%). In a study by Yeo and 
co-workers [12], 4 patients with perforations due to 
esophageal neoplasms were treated successfully with 
transhiatal esophagectomy and cervical esophagogastros- 
tomy. We treated 9 patients with thoracic esophageal 
perforations by esophagectomy. The cause of the perfo- 
rations was malignancy in 2, instrumentation (endoscopic 
biopsy of an adenocarcinoma of the cardia) in 1, caustic 
ingestion in 3, and dilation of peptic stricture in 3. There 
were two deaths, which were due to sepsis and multiple- 
organ failure. 

We agree with Yeo and associates [12] and Orringer and 
Stirling [11] that transhiatal esophagectomy presents an 
advantageous alternative in the management of instru- 
mental esophagéal perforation adjacent to an esophageal 
malignancy. However, in patients without malignancy, 
we think that the esophagus should be preserved when- 
ever possible. In 2 patients with achalasia in whom 
esophageal perforation occurred after balloon dilation, a 
Heller procedure was performed concomitantly with pri- 
mary closure of the perforation with successful results. 

Spontaneous perforation of the esophagus is a special 
group that presents the most serious prognosis. Delay in 
diagnosis accounts for the high rate of morbidity and 
mortality. In a retrospective review, Pate and colleagues 
[13] reported that 14 (41%) of 34 patients with spontane- 
ous perforation died. There was no significant effect of 
delay in diagnosis on mortality, a finding contrary to that 
in most reported series. In their study, Rosoff and White 
[14] had 16 patients with Boerhaave’s syndrome, 4 of 
whom died, a mortality rate of 25%. Eleven perforations 
in our series were due to Boerhaave’s syndrome; only 3 of 
the patients hac an early diagnosis (within 24 hours), and 
1 survived. The diagnosis in the other 8 patients was 
delayed up to 10 days, and 2 survived, an overall survival 
rate of 3 (27%) of 11 patients. 

Our experience with nonoperative management of 
esophageal perforations is limited to 2 patients. One had 
a cervical perforation due to a foreign body, and the other 
had a thoracic perforation after rigid bronchoscopy and 
biopsy of a peptic stricture in the middle part of the 
esophagus. Both perforations were diagnosed early and 
were treated with hyperalimentation and antibiotics, and 
both patients survived. We believe there is a limited place 
for nonoperative management of esophageal perfora- 
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tions, and that is in patients who fulfill the criteria of 
Cameron and co-workers [15]: the perforation must be 
contained, the cavity must drain back into the esophagus, 
and there must be no evidence of sepsis. 

This study confirms the high morbidity and mortality 
associated with esophageal perforations despite major 
advances in the management of these critically ill patients. 
It underlines the importance of early diagnosis of the 
perforation and urgent treatment in the form of primary 
suture repair buttressed with a pleural or muscle flap. 
This form of therapy has been extended to the manage- 
ment of late perforations whenever it can be applied with 
reasonable success. Transhiatal esophagectomy seems to 
offer promise in ‘perforations associated with malignancy 
or major underlying esophageal disease. Nonoperative 
treatment of esophageal perforations remains of limited 
application in a highly select group. 
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DISCUSSION 


DR HOOSHANG BOLOOKI (Miami, FL): I am going to discuss 
the group C patients, that is, patients with spontaneous rupture 
of the esophagus. I have been interested in such patients for 
some time and have experience with 24. In 1970, my associates 
and I published a method for repairing these lesions. The repair 
has worked well in our hands for a number of consecutive 
patients. I noted that you had 11 spontaneous perforations in the 
course of 30 years. The rare occurrence of this condition makes it 
difficult to use a uniform technique for the repair. 

At the time of exploration, the perforation can look small, but 
in reality it involves a much longer segment of the esophagus. 
The extent of mucosal tear, as we suggested 20 years ago, is two 
to three times longer than the length of tear of the muscular layer 
that is visible through the thoracotomy. In fact, when the 
muscular layer of the esophagus is opened longitudinally, by 
extending the spontaneous perforation, it is possible to see that 
sometimes the mucosa of the gastric fundus is also involved. A 
primary repair of this lesion should involve separate closure of 
the mucosal and muscular layers after the extreme points of 
mucosal tear have been identified. Otherwise, primary repair of 
the perforation in one layer or two layers without incorporating 
the entire mucosal defect will most likely lead to recurrence and 
leakage within a week’s time. 

Using the technique described as the standard of repair in all 
patients with Boerhaave’s syndrome, we have had no leakage of 
esophageal coritent and no deaths. All our patients were seen 


within 72 hours of the perforation, and all had varying degrees of _ 


mediastinitis at the time of operation. Currently, we do not see 
patients with spontaneous esophageal rupture that is a week or 
more old as we used to many years ago. This may be one reason 
for better results. Dr Attar, have you used this particular tech- 
nique, and if so, what are your comments? 


DR ATTAR: Dr Bolooki, I am aware of your contribution in this 
field (Bolooki H, Anderson IJ, Garcia-Rivera C, Jude JR. Sponta- 
neous rupture of the esophagus: Boerhaave’s syndrome. Ann 
Surg 1971;174:319-24). We have used it previously; however, in 
our hands as well as in the reported cases in the literature, the 
result of repair of spontaneous perforation is dependent on the 
time interval between the perforation and the repair. We believe 
that the earlier the surgeon can repair the perforation, with use of 
the pleural flap as described by Dr Grillo, the better the results 
will be. In a cumulative series from New York reported by Gouge 
and co-workers, simple repair was compared with repair with 
autogenous tissue buttress. Without the buttressed flap, the 
incidence of fistulas was 39% and the mortality rate was 25% 
versus a 13% incidence of fistulas and a mortality rate of 6% when 
the pleural flap was used. Therefore, I think your technique is 
acceptable, but should be supplemented with the pleural flap. 


DR JOHN SAWYERS (Nashville, TN): I enjoyed Dr Attar’s paper 
and was impressed with the good results he reported for perfo- 
rations treated within the first 24 hours of recognition. At the 
Vanderbilt Medical Center, we have had no deaths in the last 
decade in 115 patients with esophageal perforations managed by 
operation within 24 hours of perforation. The problem, however, 
as Dr Attar pointed out and as seen in our data, is the patient 
with an intrathoracic esophageal perforation seen after 24 hours. 

` We have generally advocated diversion and exclusion for those 
patients, but I noticed that you did not have very good results 
with this procedure. Dr Attar, please elaborate on how you 
manage the intrathoracic esophageal perforation seen after 24 
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hours. Would you advocate esophagectomy more often for these 
patients? 


DR KAMAL A. MANSOUR (Atlanta, GA): I enjoyed this impor- 
tant paper very much. It reflects a wide range of experience with 
a large number of esophageal perforations. This.is both good and 
bad. It is good because of the experience gained and bad because 
of the number of patients with perforations, especially the 
iatrogenic ones, which made up more than 25% of your total. 
Your experience does emphasize that early diagnosis is of prime 
importance and is the key to increased survival and decreased 
morbidity. 

Our experience at Emory with managing Soca perfora- 
tions is similar to yours. In the case of cervical perforations, 
however, we only drain and make no effort to find the tear. In 
distal esophageal perforations, we also use the gastric wrap 
routinely, not the pleural flap, and address at the same time the 
underlying disease process, if present. My final comment con- 


.cerns traumatic perforations. There is a subgroup called vintra- 


mural perioration,” something like aortic dissection. We encoun- 
tered a patient with such a perforation who required no surgical 
intervention. 

I have just one question. How did you manage the abdominal 
perforation, through the abdomen or through the chest? 


DR JAMES W. PATE (Memphis, TN): I congratulate Dr Attar on 
handling a great deal of complex information on a difficult 
subject. It is difficult, first, because it takes 30 years to get any 
decent experience; this is a rare disease. Second, as has been 
mentioned repeatedly, the varying causes certainly represent 
different ciseases and confuse the issues of diagnosis and treat- 
ment. It is obvious, and it has been for years, that mortality is 
related to the underlying disease, the mechanism of perforation, 
and the time delay. A patient with a delayed diagnosis and sepsis 
and shock certainly represents more of a risk than a patient with 
a clean perforation seen 1 hour after instrumental perforation of 
a normal esophagus. 

However, I think the classic teaching that if the perforation is 
less than 24 hours old, we should operate and attempt to close it 
and if it :s more than 24 hours old, we must do something 
extremely traumatic or just use drainage and antibiotics, is 
incorrect. I challenge that concept. Certainly, delay has an effect 
on operative mortality. However, when diagnosis of a spontane- 
ous perforation, for example, has been delayed, closing that 
perforation or plugging it with a muscle flap is certainly prefer- 
able to simple drainage or exclusion of the esophagus. 

I will throw out a straw man. Would you challenge the concept 
that all patients should have a definitive diagnosis, aggressive 
resuscitation, and an immediate attempt at surgical repair? 


DR ATTAR: I congratulate Dr Sawyers on his excellent results. 
He has had 115 patients and during the past decade, has not lost 
a single one. I think this is due to early diagnosis and immediate 
repair. As for the patient with delayed perforation, primary 
closure buttressed with a pleural flap is recommended whenever 
possible. If this is not feasible, esophagectomy should then be 
considered. l 

Thank you, Dr Mansour, for your comments. Our relatively 
large experience is not due to our causing the perforations. 
Among all 64 patients, only 1 patient had a perforation that was 
caused by one of us during dilation of a stricture; the perforation 
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was recognized immediately, and the patient was treated non- 
operatively and lived. The patient with the abdominal perfora- 
tion had received other injuries in the abdomen at the same time. 
The perforation was, of course, repaired intraabdominally. 

Dr Pate, I know you have challenged the concept of delay in 
repair of esophageal perforation, especially in the spontaneous 
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group. Nevertheless, we believe that early diagnosis and imme- 
diate repair is the recommended treatment. The reason for this is 
very simple. The longer the time elapsed between the perforation 
and the repair, the more mediastinal inflammation and spread of 
infection occur. Therefore, it stands to reason that the earlier the 
repair is doné, the better the results obtained will be. 


Notice From the Southern Thoracic Surgical Association 


The Thirty-seventh Annual Meeting of the Southern Tho- 
racic Surgical Association will be held at the Hyatt Re- 
gency Cerromar Beach, Puerto Rico, November 8-10, 
1990. There will be a $155 registration fee for nonmember 
physicians except for guest speakers, authors and co- 
authors on the program, and residents. There will be a $50 
registration fee for attendees of the Postgraduate Course, 
which will be held the morning of Thursday, November 8, 
1990. The Postgraduate Course will provide in-depth 
coverage of thoracic surgical topics selected primarily as a 
means to enhance and broaden the knowledge of practic- 
ing thoracic and cardiac surgeons. 


Advance registration forms, hotel reservation cards, 
and details regarding transportation arrangements will be 
mailed to Association members. Nonmembers should 
write to the Secretary-Treasurer, Gordon F. Murray, MD. 


Gordon F. Murray, ME 
Secretary-Treasurer 

Southern Thoracic Surgical Association 
111 East Wacker Drive 

Chicago, IL 60601 
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The association of a bronchial or thymic carcinoid as a 
source for the ectopic production of adrenocorticotropic 
hormone (ACTH) has been reported since 1957, with 
approximately 72 cases in the literature. These patients 
are characterized by young age, long duration of Cush- 
ing’s syndrome ‘because of the inability to find the 
ectopic source, and a high incidence of hypophysectomy 
or adrenalectomy without curing the disease. A substan- 
tial number of patients, upon discovery of the thoracic 
ectopic source, are also found to have malignant carci- 
noid tumors with lymph node metastases. Fifteen pa- 
tients have been explored for a presumed intrathoracic 
source of ACTH at our institution since 1983 and 14 


t is rare that thoracic surgeons are consulted to evaluate 

patients with hypercortisolism; however, between 10% 
and 15% of patients with Cushing’s syndrome will have 
ectopic production of adrenocorticotropic hormone 
(ACTH) by a nonpituitary tumor [1]. Usually, in cases of 
malignant bronchial neoplasms, such as oat cell carci- 
noma, the cause is obvious. There are, however, a group 
of patients who are seen with the ectopic production of 
ACTH in whom the ectopic source of ACTH cannot be 
localized despite roentgenographic attention to the adre- 
nal glands, pancreas, pituitary gland, and chest [2, 3]. 


For editorial comment, see page 5. 


These patients are at risk of death due to sepsis, gastro- 
intestinal perforation, and metastatic dissemination, and 
it is generally felt that they have the most severe form of 
endogenous hypercortisolism. Adrenalectomy may be 
required if the source is not found, and even after adre- 
nalectomy the development of metastases from the un- 
known source may occur. 

The association of ectopic ACTH production with intra- 
thoracic carcinoid tumors is not a new one [4]. The rarity 
of the syndrome, however, despite the gravity of the 
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carcinoids (13 bronchial, one thymic) have been resected. 
Seventy-one percent (10/14) of the patients appear cured 
with normal plasma ACTH levels 5 to 57 months after 
resection, despite a 50% incidence of positive lymph 
node disease. Management of these patients demands an 
aggressive evaluation to prevent unnecessary adrenalec- 
tomy or hypophysectomy and to allow earlier resections 
before these potentially curable malignancies metasta- 
size. When the tumor is discovered, thorough explora- 
tion and complete lymph node mapping with resection 
must be performed. 


(Ann Thorac Surg 1990;50:52-7) 


problem, Fas made the study of this entity by a single 
institution difficult. We have studied the ectopic ACTH 
syndrome since 1975 in an effort to elucidate the biochem- 
ical, roentgenographic, and pathological aspects of the 
syndrome. This report describes 15 patients who have 
had a thoracotomy for a presumed intrathoracic source of 
ectopic ACTH since 1983, and represents the largest 
operative series of intrathoracic carcinoid tumors causing 
Cushing’s syndrome from a single institution. This series 
illustrates tne difficulty in preoperative localization of the 
ACTH source, comments on newer localization tech- 
niques, and describes the surgical management of these 
patients. A review of the world’s literature since 1957 with 
specific attention to the association of Cushing’s syn- 
drome and bronchial carcinoids is also summarized. 


Material and Methods 


Since 1981, 33 patients have been evaluated by the Endo- 
crine Branch of the National Institutes of Health (NIH) 
with a presumptive diagnosis of ectopic ACTH syndrome. 
Of these, 15 patients have had thoracic exploration for the 
ectopic source. The diagnosis of Cushing’s syndrome was 
established by the presence of hypercortisolism and high 
24-hour urinary free cortisol levels. Pituitary dependence 
or independence was assessed by the 6-day, low-dose and 
high-dose dexamethasone suppression test and the 
metyrapone stimulation test as described by Liddle and 
associates [1], as well as the ovine corticotropin-releasing 
hormone (CRH) stimulation test [2, 3]. Plasma ACTH 


0003-4975/90/$3.50 


Ann Thorac Surg 
1990;50:52-7 


levels as well as tumor tissue ACTH levels in specific cases 
were obtained. Chest roentgenography was performed in 
all patients. Computed tomography of the abdomen, 
pituitary glands, and chest was performed initially and in 
some cases serially until a thoracic source appeared. 
Inferior petrosal sinus sampling was performed since 1982 
in patients in whom the radiographic studies failed to 
reveal a unilateral adrenal mass [5]. Briefly, petrosal sinus 
sampling involves the bilateral simultaneous sampling of 
both petrosal sinuses and a peripheral vein for plasma 
ACTH levels before and after the administration of ovine 
CRH. This permits comparison of the ACTH levels from 
both sides of the pituitary and the periphery. Patients 
with an ectopic source of ACTH do not have a gradient in 
ACTH levels between the periphery and petrosal sam- 
ples. In contrast, patients with an ACTH-secreting pitu- 
itary tumor have petrosal levels of ACTH greater than 
peripheral levels, and this petrosal to peripheral gradient 
increases after CRH administration. 

Computed chest tomography was performed, obtaining 
5-mm contiguous sections from the pulmonary apices to 
below the costophrenic sinuses, with contrast enhance- 
ment if there were no contraindications to its use. Mag- 
netic resonance imaging was performed in 7 patients with 
10-mm contiguous transaxial sections from the pulmonary 
apices to the costophrenic sinuses with occasional coronal 
sections. 

All patients had endocrine evaluation at the NIH, and 
14 of the 15 patients had thoracic exploration at the NIH. 
All thoracotomies were performed under steroid coverage 
with use of preoperative antibiotics and singledung ven- 
tilation. In all cases, complete exploration of the pulmo- 
nary parenchyma was performed via median sternotomy 
or lateral thoracotomy, with nodal basin evaluation with 
frozen section analysis of suspicious nodules. 

A review of the world literature from 1957 to 1989 with 
regard to the association of Cushing’s syndrome with 
bronchial/thymic carcinoids was performed [1, 2, 4, 6-37]. 
These reports were analyzed for clinical, biochemical, and 
roentgenographic characteristics available at the time of 
the publication. Operative procedures, as well as the 
performance of concomitant lymph node dissection, and 
long-term survival were recorded as best could be de- 
duced. 


Results 


Symptoms and Biochemical Data 


The 8 female and 7 male patients had a mean age of 37 + 
4 years with a range of 11 to 70 years. The mean duration 
of Cushing’s syndrome from the time of diagnosis to 
thoracic exploration was 52 + 17 months (range, 8 to 264 
months). Before the NIH admission, 6 patients (40%) had 
had a previous surgical procedure (hypophysectomy, 3; 
adrenalectomy, 2; adrenalectomy and hypophysectomy, 
1). 

A triad of weakness, Cushingoid features, and hypoka- 
lemic alkalosis was present in 14 of the 15 patients (93%). 
All patients had elevation of their serum cortisol to greater 
than 770 nmol/L (28 g/dL), and 14 of the 15 patients had 


PASS ET AL 53 
HYPERCORTISOLISM AND THORACIC CARCINOIDS 





Fig 1. (A) Appearance of preoperative computed tomographic scan 
depicting right upper lobe nodule (arrow). (B) Preliminary wedge 
excision of right upper lobe nodule revealed bronchial carcinoid (ar- 
row). Lobectomy and lymph node dissection were then performed. 


elevation of their urinary free cortisol excretion to greater 
than 110 ug/24 hours. A peripheral venous sample for 
ACTH was elevated to 44 pmol/L (200 pg/mL) or more in 
12 of the 15 patients (80%). Petrosal sinus sampling and 
CRH testing was performed at the NIH in 14 patients. 
These patients had no central step-up of petrosal sinus 
ACTH levels and no stimulation of ACTH levels after 
CRH administration. 


Roentgenographic Data 


Computed tomography of the pituitary did not show 
evidence for a pituitary ACTH source in any patient. 
Preoperative abdominal CT revealed bilateral adrenal hy- 
perplasia in 11 of the 12 patients with intact adrenal 
glands scanned. No evidence for pancreatic or adrenal 
neoplasms was seen in any patients. 

Chest roentgenograms were normal before resection in 
10 of the 15 patients; 4 of 5 patients with an abnormal 
roentgenogram were found to have a nodular density, 
and one had evidence of focal thymic enlargement. Com- 
puted tomography of the chest revealed a single nodular 
density in 12 patients and a thymic mass in 1, and was 
unrevealing in 2 patients (Fig 1). There were 12 true- 
positive CT scans, one true-negative, one false-negative, 
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and one false-positive for an accuracy of 87% and a 
positive predictive index of 92%. 

Magnetic resonance imaging scanning of the chest 
performed in our last 6 patients confirmed a nodule seen 
by CT, and the nodule was enhanced intensely on the 
short inversion recovery (STIR) sequence in 5 patients. 
One nodule that was not revealed by CT was seen on 
magnetic resonance imaging. Five of the six nodules were 
the ectopic source, with one false-positive (loculated pleu- 
ral fluid). 


Surgical Approach and Extent of Resection 


Seventeen operations were performed in 15 patients. All 
patients had bronchoscopy before resection that failed to 
reveal an endobronchial abnormality. The first 8 patients 
were explored by lateral thoracotomy whereas the last 7 
patients had median sternotomy. A bronchial carcinoid 
tumor was seen on frozen section in 13 of the 15 patients. 
Twelve patients had a lobectomy: right upper, 4; middle, 
3; right lower, 2; left lower, 2; and left upper, 1. Of these, 
five were performed by median sternotomy. 

The first patient in this series had wedge resection 
without lymph node dissection, and all subsequent pa- 
tients with evidence of bronchial carcinoid tumor have 
had regional lymph node dissection including the medi- 
astinal nodes in addition to the lobectomy. The 1 patient 
with thymic carcinoid tumor underwent total thymec- 
tomy and lymph node dissection. 


Morbidity and Mortality 


All patients were extubated on the operative day. There 
were no infectious complications. Two patients required 
elevation of their steroid replacement postoperatively for 
cortisol insufficiency based on symptoms and plasma 
cortisol levels. 

There was one postoperative death in a 57-year-old pa- 
tient biochemically cured of his disease who had cortisol 
levels less than 28 nmol/L (1 yg/dL) on routine steroid 
replacement. This patient had a sudden cardiac arrest dur- 
ing the placement of a central line and autopsy revealed 
severe coronary atherosclerosis and evidence of myocardial 
infarction. 


Immediate Effects of Cortisol Levels 


Ten of the 14 patients who underwent resection had 
immediate (24 to 36 hour) evidence of decreasing ACTH 
levels. Cushingoid features routinely resolved within a 6- 
to 8-month period. 

Four patients did not have decreased ACTH levels after 
operation. One patient in whom an ACTH-positive bron- 
chial carcinoid tumor was found was not cured despite 
lobectomy and lymph node dissection. She has been 
reexplored twice with negative lymph node dissections 
and lung palpation but no additional ectopic source has 
been found. Two other patients did not become eucorti- 
solemic after operation despite the finding of a bronchial 
carcinoid. One patient (the first in the series) had simple 
wedge excision without lymph node dissection and sub- 
sequently experienced depression during postoperative 
steroid withdrawal and committed suicide. A 15-year-old 
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Fig 2. (A) This bronchial carcinoid tumor is characterized by nests of 
cells with a moderate amount of eosinophilic cytoplasm in nuclei 
showing finely granular chromaffin. (Hematoxylin and eosin, x 250 
before 22% reduction.) (B) Positive immunohistochemical stain of 
same tumor as in (A) for adrenocorticotropic hormone. 


boy who had an adrenalectomy before the carcinoid was 
resected had positive mediastinal nodes and is at present 
persistently hypercortisolemic. An 11-year-old girl with 
elevated thymic vein ACTH levels and “tumor blush” on 
angiography was found to have a thymic parathyroid and 
was not cured of her hypercortisolism. 


Pathological Findings 

Characteristic histological features of carcinoid tumors 
were present in each patient (Fig 2A). The mean size of 
the 13 resected bronchial tumors was 1.1 + 0.2 cm (0.3 to 
2.5 cm). The tumors were composed of sheets and nests of 
uniform cells with moderate eosinophilic cytoplasm and 
finely granular nuclear chromatin. Twelve of the bron- 
chial tumors were typical carcinoids and one was an 
atypical carcinoid according to criteria proposed by Arrig- 
oni and co-workers [38]. The thymic tumor resembled an 
atypical carcinoid tumor. Immunohistochemistry for 
ACTH was positive in all cases (Fig 2B). Electron micros- 
copy was performed in 13 cases and revealed dense-core 
neuroendocrine granules in the cytoplasm of the tumor 
cells. 
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CARCINOID FOUND Fig 3. Results of surgical management 
(4) ` in the 14 patients with hypercortisolism 
; from a thoracic source. (See text for 
details.) (RT = radiation therapy.) 
?Nodes (+) Nodes (-) Nodes 
(1) ” (6) 
Suicide RT No RT Death Hypercortisolemic Eucortisolemic 
a) (6) a) (69) o) (4) 


Eucortisolemic Recurred Eucortisolemic 


6) 0) a) 


Follow-Up 

Of the 14 patients originally found to have a carcinoid, 12 
are alive at a mean of 21 + 4 months after resection (range, 
5 to 57 months) (Fig 3). Ten (71%) are presently eucorti- 
solemic. Ten of the patients in whom a carcinoid’ was 
found became eucortisolemic immediately after operation; 
5 of these 10 were found to have positive mediastinal 
adenopathy. Seven patients in the series had metastases 
in mediastinal lymph nodes. Six of these received post- 
operative mediastinal irradiation. Levels of ACTH are 
now normal 8 to 31 months after resection in 5 of the 6. 
One patient, whose plasma ACTH level did not normalize 
immediately after operation, is presently eucortisolemic 
with normal ACTH levels 8 months after radiation ther- 
apy. The patient with thymic carcinoid and mediastinal 
metastases originally became eucortisolemic; however, 
despite postoperative radiation therapy his cortisol levels 
rose and he was found to have a recurrence outside the 
radiation portal 13 months later. He is presently alive with 
evidence of disease. 


Literature Review 

Tables 1-3 reveal the clinical, biochemical, and surgical 
profiles of 72 cases documented in the literature to have 
Cushing’s syndrome in association with a bronchial or 
thymic carcinoid. Complete clinical and surgical data were 


Table 1. Bronchial Carcinoids and Cushing's Syndrome, 
1957-1989: Clinical Characteristics (n = 72) 








Characteristic Value " 
Age (yr) 41 + 2 (15-74)? 
Sex (F/M) . 41/31 
Symptoms/signs 
Cushingoid habitus 97% 
Weakness 93% 
Weight gain 88% 
Edema ; 93% 
Hypertension ~ 93% 
Hyperpigmentation 49% 


Duration of symptoms (mo) 36 + 6 (1-2407 


a Values in parentheses are range. 


ayailable for all 72 patients. Briefly, as reported in the 
present series, these patients were characterized by 
young age, hypokalemic alkalosis, Cushing's syndrome, 
and elevated ACTH levels. Many had previous ablative 
pituitary or adrenal operations in an attempt to cure their 
Cushing’s syndrome, usually because of mistaken diag- 
nosis. A high rate of lymph node disease (24%) was 
detected at the time of thoracic exploration. Immediate 
biochemical and later clinical resolution of the hypercotti- 
solism was possible in the majority of patients whose 
disease was completely resected and for whom these 
follow-up data were available. 


Comment 


An association of Cushing’s syndrome with bronchial 
carcinoid has been known since 1957, and a lobectomy 
with resolution of Cushingoid habitus was performed in 
1960 [6]. The work-up of the patients with ectopic ACTH 
has been radically altered by the use of invasive and 
noninvasive radiographic techniques, specifically inferior 
petrosal sinus sampling, which can document the absence 
of a gradient between the inferior petrosal sinus samples 
and peripheral ACTH samiples and confirm an ectopic 
source. i i l i 

The evolution of techniques in the radiographic evalu- 
ation of these patients illustrates the desire to more 
efficiently localize the ectopic source. At our institution, 
patients with the ectopic ACTH syndrome undergo CT 
scanning of the chest and abdomen, searching for an 


Table 2. Bronchial Carcinoids and Cushing’s Syndrome, 
1957-1989: Biochemical Data (n = 45-65) 





Variable , Percent 
Hypokalemic alkalosis l 72 
Serum cortisol elevation 93 
Urinary free cortisol elevation 98 
Plasma ACTH elevation 54 
Positive dexamethasone suppression 41 
Metyrapone stimulation 60 





ACTH = adrenocorticotropic hormone. 


56 PASS ET AL 
HYPERCORTISOLISM AND THORACIC CARCINOIDS 


Table 3. Bronchial Carcinoids and Cushing’s Syndrome, 
1957-1989: Operative | Data (n = 72) 








Variable Percent 
Previous operation 
Adrenalectomy 38 
Hypophysectomy 7 
Diagnosis/resection 
Thoracotomy 68 
Autopsy 18 
Roentgenography only 10 
Bronchoscopy 1 
Lymph node biopsy 3 


Nodes positive 24 


adrenal or foregut source. In the absence of abnormal 
scans or biochemical markers for tumors, patients are 
placed on drugs that suppress steroidogenesis (ketocon- 
azole, aminoglutethimide, or metyrapone) or a glucocor- 
ticoid antagonist (RU486) as a temporizing measure. Fre- 
quently, small radiographic abnormalities appear with 
time or, in retrospect, were present at the inception of the 
evaluation. 

` We have found the contrast-enhanced chest CT with 
5-mm contiguous sections to be the most useful procedure 
in localizing these tumors, with a high positive predictive 
index. More recently, however, magnetic resonance im- 
aging with the STIR sequence has not only confirmed the 
CT findings but detected a pulmonary nodule undetected 
by CT. On the T2 or STIR sequence, the tumor appears 
Bright and the blood vessels dark. 

' The surgical management of patients with a thoracic 
ectopic source for ACTH is guided at the NIH by threé 
principles: (1) complete exploration at a single operation, 
(2) anatomical resection of the involved lobe/thymus, and 
(3) compulsive lymph node resection. The inability to cure 
2 patients despite localization of a bronchial carcinoid 
implies inadequate resection of all malignant ACTH- 
secreting carcinoid tumor. In 1 patient who had a simple 
wedge excision without lymph node dissection, high 
ACTH levels persisted requiring adrenalectomy, after 
which the patient committed suicide. Moreover, 24% of 
the patients in the literature have been noted to have 
lymph node disease at the time of resection, and this 
finding appears to be an underestimation of the 54% of 
our patients having positive lymph node disease in whom 
a carcinoid was found. We recommend, therefore, com- 
plete lymph node dissection in all cases, not only for 
eradiction of the syndrome but possibly to prevent dis- 
semination of this malignancy. Indeed, a complete resec- 
tion of tumor is accompanied by a precipitous fall of 
ACTH levels into the normal range. ` 

The approach of median sternotomy or thoracotomy 
will, of course, depend on the individual surgeon’s pref- 
erénce. We routinely use the median sternotomy. ap- 
proach, however, to accomplish pulmonary venous sam- 
pling from all lobes and to perform complete bilateral 
exploration. The lobectomies and lymph node dissection 
are performed through this approach with subaortic and 
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preaortic lymph node removal on the left, subcarinal 
dissection for lesions on either side, and right paratra- 
cheal, superior mediastinal, and azygous dissection on 
the right. If the radiographic abnormality does not prove 
to be the carcinoid tumor (as occurred in 1 patient), 
meticulous exploration of all lobes and lymph node basins 
should be performed with liberal use of frozen section to 
find the ectopic source elsewhere in the chest. 

The malignant potential of these carcinoids is well 
established in the literature and is reinforced by our 
series. Long-term survival after lymph node dissection 
and-primary resection is possible with complete excision. 
We have used postoperative radiation therapy empirically 
in the group of patients with positive lymph node disease, 
chiefly for local control. It is too early in this particular 
series to document long-term efficacy; however, the pres- 
ence of a natural marker (ACTH) will allow us to assess 
recurrence easier and earlier than in the usual patient with 
non-small cell lung cancer. Patients are monitored for 
biochemical and roentgenographic abnormalities every 6 
months after resection either by the NIH or by the 
referring endocrinologist. 

In conclusion, primary surveillance of the chest should 
be performed in all patients with clinical and biochemical 
suspicion af an ectopic ACTH source, as the majority of 
the patients with this syndrome will have intrathoracic 
pathology. Evaluation with petrosal sinus sampling and 
CRH stimulation will point to an ectopic source, and CT 
and magnetic resonance imaging may reveal a hitherto 
unsuspected abnormality. Exploration with lobectomy 
and lymph ‘node dissection is justified in this group of 
patients to avoid subsequent adrenalectomy and to doc- 
ument the stage of disease. The role of radiation therapy 
postoperatively is not clearly defined, but in patients with 
lymph node disease, persistent local control with normal 
ACTH levels may be achievable. An aggressive approach 
to diagnosis and therapy ¢ of these patients may speed the 
localization of the ectopic source and lead to a gratifying 
resolution of clinical and biochemical stigmata of hyper- 
cortisolism. 
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DISCUSSION 


DR SAFUH ATTAR (Baltimore, MD): I would like to congratu- 
late Dr Pass on a very fascinating series and to ask him a couple 
of questions. There has been a recent consensus in the pathology 
literature that the carcinoid is a single entity, whether it occurs in 
the lung, in the thyroid, or in the thymus. There have been 
reported cases of carcinoid in the ovary, uterus, and fallopian 
tubes that have been detected with increased ACTH secretions. 
My question is, do you believe that in the new theory there is an 
anlage to the carcinoid disease that occurs in the various organs 
throughout the.body, including the lung, the thyro:d, the thy- 
mus, and the pelvis? Have you checked in any of your patients 
whether the ovary or the uterus were involved with such a 
tumor? Second, was there any correlation between the benign ot 
malignant character of the tumor and the productior. of ACTH? 


DR PASS: We perform CT scanning of the abdomen routinely to 
look for other sources in working up these patients. We have not 
found any patients in the series so far, including the ones that are 
still being followed up, with any pelvic abnormality, although 
that has been reported. Most of these carcinoids will occur in the 
lungs or the thymus. We have not correlated, as Dr Benfield does 
with his elegant studies of fluorescence-activated cell sorting 
analysis of the carcinoids, changes in the carcinoids that predict 
which tumor may be worse than another. But we do subscribe to 
the theory that there is a spectrum of carcinoids that are neuro- 
endocrine tumors. I personally think that the carcinoids with 
ACTH activity or any endocriné activity should be regarded as 
different, that is, malignant, and therefore have a high incidence 
of lymph node metastases. They require complete resection and 
are different from the classic bronchial carcinoid. 


Carcinoid Tumors of the Thymus 
George C. Economopoulos, MD, Joseph W. Lewis, Jr, MD, Min W. Lee, MD, and 


Norman A. Silverman, MD 


Division of Cardiac and Thoracic Surgery and Division of Anatomic Pathology, Henry Ford Hospital, Detroit, Michigan 


Carcinoid tumors arising in the thymus are rare. Since 
Rosai and Higa in 1972 distinguished these neoplasms 
from thymomas, fewer than 100 cases have been reported 
in the world literature. In a 38-year review (1950 to 1988) 
of surgically treated thymic tumors at Henry Ford Hos- 
pital, only 7 cases of thymic carcinoids were identified. 
These 6 men and 1 woman ranged in age from 27 to 70 
years (mean, 48 years) at diagnosis. Follow-up was avail- 
able in all patients with the longest survival being 12 
years in 2 patients, and the shortest, 1 year, in 1. 
Recurrences and/or metastases developed in 4 of 7 pa- 
tients between 1 and 9 years after initial resection. 


I 1972 Rosai and Higa [1] described thymic carcinoids as 
a separate entity from thymomas. Since then, these 
tumors have been the subject of case reports [2-20]. Only 
a few authors have reported a substantial number of 
cases, precluding assessment of biological behavior, the 
efficacy of various treatment modalities, and long-term 
survival of these patients [21, 22]. The results of initial 
treatment and therapy of recurrence and long-term prog- 
nosis in 7 patients with thymic carcinoids from our 
institution along with review of the literature are herein 
reported. 


Material and Methods 
During a 38-year (1950 to 1988) review of thymic tumors at 


Henry Ford Hospital, we found 7 cases of thymic carci- 
noids. The diagnosis in 3 of the patients (1965 to 1976) was 


For editorial comment, see page 5. 


made on review of the histological material from excised 
recurrent tumors 1,.4, arid 9 years after the initial opera- 
-tion. In the remaining 4 patients, the diagnosis was made 
by histological study (light microscopy, immunohisto- 
chemistry, and/or electron microscopy) of the specimens 
removed at the initial operation. 


Results 


Clinical Findings 


In the 7 patients (6 men, 1 woman) age anced from 27 to 
70 years at the time of diagnosis (Table 1). The presenting 
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Recurrences were treated by reexcision in addition to 


` radiation treatment and chemotherapy in 3 patients and 


reexcision with radiation treatment alone in 1 patient. A 
review of the literature along with our experience sug- 
gests that thymic carcinoids have a biological behavior 
distinct fron thymoma in terms of cell origin, associated 
syndromes, neoplastic behavior, and prognosis. An ag- 
gressive surgical approach with complete initial excision 
of the tumo: and of subsequent recurrences, along with 
radiation and probably chemotherapy, is the’ best avail- 
able treatment today. 

(Ann Thorac Surg 1990;50:58~-61) 


complaints were abdominal pain and diarrhea in 2 pa- 
tients, shor:ness of breath and chest pain in 2, and 
pericarditis in 1; 1 patient was totally asymptomatic. None | 
of the patients had manifestations of either other endo- 
crinopathy cr the carcinoid syndrome. Hydroxyindolace- 
tic acid studies on the 2 patients with diarrhea were 
negative. One patient had a history of previous excision of 


. medullary thyroid carcinoma ‘15 years before the thymic 


tumor was ound. Physical findings were normal in all 
patients at their initial presentation. All patients had 
evidence of an anterior mediastinal mass by chest roent- 


' genogram, tomograms, and computed tomographic scans 


of the chest (in 3 patients). Aortograms performed in 3 
patients were unremarkable.. 


Findings at Operation 


A well-confined, encapsulated mass in the thymic region 
was found :n 2 patients; in the remaining patients the 
tumor was invading adjacent mediastinal structures (in- 
nominate vein, pleura, pericardium, lung, and phrenic 
nerves). The size of the tumor ranged from 3 to 10 cm in 
diameter. Freliminary biopsy was performed in 1 patient 
via mediastinotomy. l 


Treatment and Follow-up 

Six patients had their tumor removed through a median 
sternotomy arid one tumor was approached through a 
right thoracotomy. 

Grossly the tumor was totally removed in all patients 
along with adjacent structures when invasion was seen 
(wedge lung resection, pericardium, phrenic nerve, in- 
nominate vein, lymph nodes) (Table 1; Fig 1). 

After the pathological diagnosis was made (Fig 2), 6 
patients received adjuvant radiation treatment and 1 
received chemotherapy with 5-fluorouracil and streptozo- 
tocin. Recurrence developed in 4 patients at 1 to 9 years 
after the inizial excision (Table 2). There were four docu- 
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Table 1. Findings at Operation and Initial Treatment of Thymic Carcinoid Patients 


Patient Age 

No. (yr) Sex Findings at Operation Initial Treatment 

1 36 M Thymic tumor (10. x 5 cm) Excision of thymus, innominate vein, 

i invading innominate left mediastinal pleura, and 
vein, left pleura, and pericardium; adjuvant irradiation 
, pericardium (46 Gy) 

2 40 M Encapsulated thymic tumor Thymectomy 

3 40 M Thymic tumor attached to Excision of tumor and adjacent pleura 
left pleura 

4 70 M Encapsulated thymic tumor Thymectomy 

5 27 M Encapsulated tumor Thymectomy; radiation treatment, 

5FU, streptozotocin 

6 69 F Invasion of innominate Excision of tumor and innominate 
vein vein 

7 f 53 M Invasion of left pleura and Excision of tumor, lung wedge 
medial surface of LUL resection 


5 FU = 5-fluorouracil; LUL = left upper lobe. 


mented recurrences in 1 patient, all of them excised, and 
2 of the patients had two operations for recurrences. All 
patients received irradiation (46 Gy) and chemotherapy 
with 5-fluorouracil, streptozotocin, and carmustin 
(BCNU) after removal of the recurrent tumor. One patient 
had brachytherapy with iodine 125 after debulking of the 
recurrent tumor. Recurrent tumors were detected in the 
mediastinal structures, lung, and adrenal glands. 

Two surviving patients are being followed yearly with 
chest roentgenograms and computed tomographic scans. 
Autopsies were performed in 4 of the 5 patients who died. 
Findings on autopsy consisted of carcinoid tumor dissem- 
inated to the mediastinum, lung, pleura, and abdomen 
with only 1 patient having no evidence of recurrence. 
Survival after the initial diagnosis and treatment of thymic 


carcinoids ranged in our series from 1 to 12 years with a 
median survival of 2 years. 


Comment 


Carcinoid tumors of the thymus were first recognized in 
1972. Since then, and from reports by other authors, the 
pathological and clinical characteristics of this tumor re- 
vealed a totally different entity from the thymoma (Table 
3). The pathological diagnosis of thymic carcinoids is 
based on findings from light microscopy, histochemical 


` studies, and electron microscopy [1, 14, 21, 22]. 


Review of the literature revealed that almost 50% of 
thymic carcinoids are seen with endocrinopathies, namely, 
Cushing's syndrome, multiple neoplasia I and Il, or 


Table 2. Recurrence(s) and Treatment Received in Thymic Carcinoid Patients 





Patient ` Age Date of Initial- Date of 
No. (yr) Sex Operation Recurrence Site of Recurrence Treatment Received 
1 36 M 8/65 6/69 Sternum, pleura, SVC Irradiation 
syndrome 
2 40 M 9/69 5/74 RLL, hilum RLL lobectomy, 
irradiation 
2/77 Chest wall, neck LN Excision, irradiation 
11/177 Chest wall Excision 
11/80 Left adrenal glands Adrenalectomy, liver 
biopsy (—), 
irradiation, 5FU, 
streptozotocin 
4 70 M 8/76 2/77 Paraesophageal LN, Excision, irradiation 
neck 
9/77 Pleura, neck Irradiation 
5 27 M 4/77 4/82. Chest wall Excision, irradiation 
1/85 Mediastinum Debulking, 
_ brachytherapy 


19) 


SFU = 5-fluorouracil; LN = lymph nodes; RLL = right jower lobe; SVC = superior vena cava. 
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Fig 1. Gross appearance of the tumor showing highly vascularized 
bulging cut surface. Arrow indicates attached pericardial surface. 


inappropriate antidiuretic hormone secretion, in that or- 
der of frequency [5, 14, 16, 21, 22, 23]. Other associated 
syndromes reported with this tumor are polymyositis [4], 
clubbing [4], polyarthropathy [4], and pericarditis [15]. 
The male predominance of this tumor is striking (more 
than 90% males), and in none of the reported cases so far 
has the carcinoid syndrome been present. 

When not associated with an endocrine syndrome, the 
most common presentation of a thymic carcinoid is that of 
an anterior mediastinal mass, although a posterior medi- 
astinal thymic carcinoid has been reported [20]. A chest 
roentgenogram and computed tomographic scan reveal 
details about the tumor, possible invasion of the sur- 
rounding structures, and intrathoracic metastases. One of 
the characteristics of the thymic carcinoid is the frequency 
of extrathoracic metastases (20% to 30%) [5, 14, 21-23], 


Fig 2. Trabecular arrangement of 
tumor cells (left; hematoxylin and 
eosin X235), positive cytoplasmic 
stains for chromograin (upper right; 
avidin-biotin complex immunoper- 
oxidase, X235), and neurosecretory 
granules (lower right; electron mi- 
croscopy). (All magnifications before 
28% reduction.) 
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which can be widely spread involving skin, bone (osteo- 
blastic), lymph nodes, and adrenal glands (our own 
patient), in contrast with thymomas, in which extratho- 
racic metastases are very rare (see Table 3). 

An association between extracapsular invasion of me- 
diastinal structures at the initial exploration and Cush- 
ing’s syndrome on clinical presentation with worse prog- 
nosis has been implied [5, 14, 23]. Our literature review 
revealed only two series of patients with thymic carcinoid 
who were treated and followed up for a long time [21, 22]. 
The survival after the initial diagnosis and treatment 
varied from 1 to 15 years, and the majority of the patients 
had repeated operations for metastases and local recur- 
rences. 

In our series, the approach to this tumor was the same 
as any other anterior mediastinal tumor, ie, exploration 
and excision. Every effort was made to remove the entire 
tumor along with surrounding structures if invasion was 
found. Because the diagnosis of thymic carcinoid requires 
pathological confirmation, most patients are initially 
thought to have had a thymoma removed. After the 
diagnosis of thymic carcinoid, adjuvant radiotherapy con- 
sisting of a total of 46 Gy was given in all patients that had 
invasion of the surrounding structures. In one of our 
patients chemotherapy (5-fluorouracil, streptozotocin) 
was also instituted. A similar treatment protocol was used 
in two other series of thymic carcinoids. Follow-up con- 
sisted of clinical examination, chest roentgenogram, com- 
puted tomograms, and metastatic workup every 6 to 12 
months [21, 22]. 

Recurrence and extrathoracic metastasis are character- 
istic of thymic carcinoids, and as in the other series, our 
longest survivors had reoperations for removal of intra- 
thoracic recurrences or extrathoracic metastases (one of 
the patients required four excisions!) followed by addi- 





w 
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Table 3. Differences Between Thymic Carcinoid and Thymoma 


Feature Thymic Carcinoid 
Progenitor cell 


Associated syndromes 


Metastases 
adrenal glands 
Invasion of surrour.ding 50% 
thoracic structures 


Prognosis 
chemotherapy 


MEA-1 = multiple endocrine adenomatosis-1; 


tional irradiation and chemotherapy for widespread me- 
tastases. 

Long-term follow-up of the patients in our series and 
others revealed that thymic carcinoids have a rather poor 
prognosis based on their tendency to recur and metasta- 
size widely manv years after the initial excision [21, 22]. 
Long-term survival can only be achieved by aggressive 
excision not only of the initial tumor but of subsequent 
recurrences and metastases. The role of adjuvant radio- 
therapy and chemotherapy is still uncertain [24], but 
radiotherapy should be considered because the behavior 
of this tumor is uncertain and recurrences can occur even 
years after the iritial excision. 

In conclusion, thymic carcinoid is a rare tumor, totally 
different from the ordinary thymoma, with a poor prog- 
nosis. It is frequently associated with endocrinopathies 
and has a characteristic tendency for recurrence and 
metastases many years after the initial diagnosis and 
treatment. Surgical extirpation of the tumor initially and 
of the subsequent recurrences is the most effective treat- 
ment today. Radiotherapy seems to be helpful in most of 
the cases. The role of chemotherapy at this time is 
uncertain. 
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Plasmapheresis performed weeks before an operation 
producing autologous plasma has proved to be of benefit 
in elective operations. First experiences in acute plasma- 
pheresis, which is performed immediately before the 
operation, have been reported recently. When acute 
plasmapheresis is used in cardiac operations, however, it 
must be viewed. in connection with other techniques for 
reducing blood consumption such as the Cell Saver (CS) 
and ultrafiltration devices. In 60 patients undergoing 
elective aortocoronary bypass grafting, acute plasma- 
pheresis was performed, producing either platelet-poor 
plasma or platelet-rich plasma, in combination with 
either the Cell Saver or hemofiltration. Fluid balance 
during cardiopulmonary bypass was significantly lower 
in the hemofiltration patients. Postoperatively, none of 
these patients received donor blood, whereas 4 patients 
of the Cell-Saver groups needed packed red blood cells. 


n the face of increasing awareness of the possibility of 
transmission of viral diseases such as acquired immu- 
nodeficiency syndrome, reducing blood loss and minimiz- 
ing the need for homologous blood transfusion in cardiac 
surgery are obvious necessities [1, 2]. Furthermore, ho- 
mologous blood is not an unlimited resource and, partic- 
ularly in patients with rare blood groups, donor blood 
might run. short [3]. Many approaches to blood conserva- 
tion are available in cardiac surgery, including nonhemic 
. priming of the extracorporeal circuit, acute normovolemic 
hemodilution, use of red blood cell recovery devices, and 
administration of drugs [1, 3, 4]. Use of the Cell Saver (CS) 
is now the most popular technique to concentrate blood 
during cardiopulmonary bypass (CPB) and to salvage 
blood remaining in the circuit after termination of CPB [5]. 
Ultrafiltration devices are of increasing interest for blood 
conservation in cardiac surgery owing to the salvage of 
plasma, in contrast to the CS technique [6-9]. 
Another method to avoid coagulation abnormalities 
occurring in conjunction with CPB that reduces require- 
ments of donor blood and blood derivatives appears to be 
preoperatively performed acute plasmapheresis (APP) 
[10-12]. By this method, autologous plasma is produced. 
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AT-III, fibrinogen, the number of platelets, albumin, 
total pretein, and colloid osmotic pressure were less 
compromised when hemofiltration was used in combina- 
tion with acute plasmapheresis in contrast to combina- 
tion with the Cell-Saver technique. Plasma hemoglobin 
was without differences during the investigation period, 
and polymorphonuclear elastase was less increased 
when platelet-rich plasma was produced preoperatively. 
On the frst postoperative day, most of the differences 
between the groups had already disappeared. We con- 
clude that when acute plasmapheresis is used in cardiac 
operations, discarding of plasma by the Cell Saver 
should be avoided and ultrafiltration devices should 
replace centrifugation techniques for blood conserva- 
tion. 


(Ann Thorac Surg 1990;50:62-8) 


before th2 start of the operation, preserved from the 
negative effects of extracorporeal circulation, and retrans- 
fused after termination of CPB. Few experiences with this 
technique are yet available, however, particularly when it 
is used in combination with other blood conservation 
methods. 

In the present study, the effects of APP used in combi- 
nation with the CS technique or ultrafiltration devices 
were investigated with regard to coagulation, blood loss, 
and donor blood requirements in patients undergoing 
cardiac operations. 


Material and Methods 


Patients aid Grouping 
Sixty male patients scheduled for elective aortocoronary 
bypass operations were studied. Excluding criteria were a 
severely depressed myocardial function (left ventricular 
ejection fraction < 50%; left ventricular end-diastolic 
pressure > 20 mm Hg), metabolic disorders, and preoper- 
ative coagulation abnormalities. The patients were stud- 
ied consec.tively and allocated at random to four groups 
after informed consent had been obtained according to 
the protocal of the Institutional Ethic Committee. 


GROUP 1 (r = 15): Acute plasmapheresis was performed 
after induction of anesthesia but before onset of opera- 
tion. Tweve milliliters per kilogram of platelet-poor 
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plasma (PPP; centrifugation speed, 5,650 rpm) were with- 
drawn through a 14-gauge cannula using a PCS 50 system 
(Haemonetics, Munich, FRG) [10, 11]; the same amcunt of 
high-molecular-weight hydroxyethyl starch solution (6% 


. hydroxyethyl starch 450,000/0.7) was infused for volume 


replacement. Within 20 minutes after CPB was siarted, 
the perfusate of the circuit was concentrated by a centrif- 
ugation technique (Cell Saver IV, Haemonetics, Munich, 
FRG). After termination of CPB, blood remaining in the 
oxygenator and the auxiliary equipment was concentrated 
and washed. Thus, a concentrate of washed red blood 
cells was harvested and retransfused until the end of the 
operation, together with the autologous plasma produced 
by APP (PPP-CS group). 


GROUP 2 (n =.15): Acute plasmapheresis was performed in 
the same way, but an ultrafiltration device (hemofilter 
(HF]-60, Fresenius, Oberursel, FRG) was used for blood 
concentration during and after CPB as described previ- 
ously [10] (PPP-HF-group). 


GROUP 3 (n = 15): Acute plasmapheresis was performed 
using the same PCS 50 system, but the centrifugation 
speed was 4,200 rpm to produce a platelet-rich plasma 
(PRP). The CS technique was used during as well as after 
CPB as described previously (PRP-CS group). 


GROUP 4 (n = 15}: Acute plasmapheresis producing PRP 
was used before start of operation, followed by blood 
concentration with HF during and after bypass (PRP-HF 


group). 


Anesthesia and Cardiopulmonary Bypass 


All patients were premedicated 1.5 hours before induction 
of anesthesia (morphine sulfate, flunitrazepam). Induc- 
tion and maintenance of anesthesia was standardized and 
comparable for all patients, consisting of weight-related 
dosages of fentanyl, midazolam, and pancuronium bro- 
mide. 

Before CPB was initiated; anticoagulation was achieved 
by administration of 300 IU/kg of heparin. Cardiopulmo- 
nary bypass was performed with membrane oxygenators 
(Sorin 41, Sorin, Turin, Italy) with a nonpulsatile flow of 
2.4 L/min - m?; patients’ temperature was maintained at 
almost normothermia (lowest rectal temperature, 34.0° + 
0.3°C). The circuit consisted of 2,200 mL of crystalloids 
and 250 mL of plasma protein solution (5%). One thou- 
sand milliliters of ice-cold Bretschneider’s cardioplegia 
was used initially for myocardial preservation followed by 
an additional 200 mL every 20 minutes; the operation was 
performed in “partial” bypass using a monoatrial cannu- 
lation technique (two-stage cannula). This technique im- 
plies that all fluids are returned to the extracorporeal 
circuit. Within 30 minutes after start of CPB, the perfusate 
was concentrated by use of either a centrifugation tech- 
nique (Cell Saver IV) or an ultrafiltrate device (HF-60) in 
all patients. The aim was to eliminate 1,000 mL of fluid 
from the circuit (additional cardioplegic solution). 

To maintain the filling volume of the heart-lung ma- 
chine, Ringer’s solution was added when necessary; 


BOLDT ET AL 63 
PLASMAPHERESIS AND BLOOD CONSERVATION 


| 
| 
packed red blood cells were administered when hemoglo- 
bin concentration was less than 7 g/dL. All patients were 
operated on by the same surgical team. Heparin was 
neutralized with protamine sulfate in a ratio of 1:1. 
After termination of CPB, Ringer’s solution was admin- 
istered when pulmonary capillary wedge pressiire was 
less than 8 mm Hg to maintain cardiocirculatory stability. 
Packed red blood cells were administered when hemoglo- 
bin concentration was less than 10 g/dL postoperatively. 


Data Points and Measured Variables 


Arterial blood samples were taken before the start of APP, 
at the end of APP, 30 minutes after the start of CPB (after 
the hemoconcentration procedure ended), immediately 
after termination of bypass (5 minutes after CPB and 
before administration of protamine sulfate), at the end of 
the operation (45 minutes after termination of CPB, after 
retransfusion of PPP or PRP and the concentrated volumé 
of the circuit! [CS blood or HF blood]), 5 hours after 
termination of CPB, and on the morning of the first 
postoperative iday. 

The following variables were measured: hemoglobin, 
hematocrit, number of platelets, fibrinogen level, AT-II 
level, heparin plasma concentration, amount of free he- 
moglobin (plasma hemoglobin), polymorphonuclear elas- 
tase level, global coagulation variables (thrombin time, 
prothrombin time, partial thromboplastin time, thromb- 
elastogram, activated clotting time), colloid osmotic pres- 
sure (Sartorius membrane, 20,000 daltons), albumin level, 
amount of total protein, and blood gas analyses (oxygen 
tension/inspired oxygen fraction). Fluid balances (calcula- 
tion of urine/blood output and volume administration), 
blood loss, and use of Ringer’s solution, blood, and blood 
products, asi well as duration until extubation, were 
documented.: 


Statistics 


Mean values as well as standard deviation were calculated 
for each variable at each data point. Multiple testing of 1- 
and 2-factorial analyses of variance followed by Scheffé 
tests were used for statistical interpretation; p values less 


than 0.05 were considered significant. 


Results . 


The four groups did not differ with regard to biometric 
data, preoperative myocardial function, and duration of 
bypass (T able 1). Acute plasmapheresis lasted from 35.5 
to 45.5 minutes without differences between the groups. 

Fluid balance during CPB was significantly higher in 
both CS groups. Postoperative blood loss as well as 
volume administration also were always more pro- 
nounced in. these patients, without being statistically 
significant. None of the HF patients received donor blood 
or derivatives, whereas 4 patients in the other groups 
required packed red cells (Table 1). Laboratory results are 
shown in Table 2. 

At the end of the operation, the number of platelets was 
significantly higher in both HF groups, particularly when 
PRP was produced by APP (PRP-HF patients). In this 
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Table 1. Biometric Data and Data on Cardiopulmonary Bypass Blood Loss, Postoperative Blood Loss, and Time Between End of 


Operation and Extubation* 








Variable PPP-CS PPP-HF PRP-CS PRP-HF 

Age (yr) 61.0 + 4.0 59.1+5,7 59.0 + 3.0 62.7 + 9.0 

Weight (kg) 75.1 + 3.8 76.3 + 3.8 78.0 + 6.0 73.7 + 8.0 

Height (cm) 173.2 + 5.5 173.0 + 3.9 168.2 + 5.8 171.7 + 8.0 

LVEF (%) 65.7 + 3.8 65.6 + 5.6 62.9 + 3.8 62.9 + 4.4 

LVEDP (mm Hg) 15.5 + 2.2 12.7 + 3.8 14.6 + 4.0 16.5 + 4.0 

CPB (min) 80.3 + 8.8 88.3 + 3.9 79.2 + 8.9 88.0 + 9.8 

Ischemia (min) l 45.0 + 4.1 52.8 + 9.0 46.8 + 5.0 48.5 + 7.8 

Fluid balance during CPB 0.13 + 0.02° 0.06 + 0.01 0.14 + 0.02” 0.04 + 0.01 
(mL/kg + min) 

Blood loss (mL) 
Operation day 310 + 120 310 + 140 340 + 170 235 + 140 
First postoperative day 600 + 130 530 + 190 510 + 190 450 + 210 

Packed RBCs (patients/number) 21 0/0 21 0/0 

Extubation (min) j 765 + 205 795 + 155 780 + 210 725 + 205 

a Data are shown as mean + standard deviation. _ Different from HF patients (p < 0.C01). 

CPB = cardiopulmonary bypass; CS = Cell Saver; HF = hemofiltration; | LVEDP = left ventricular end-diastolic pressure; LVEF = left 


ventricular ejection fraction; PPP = platelet-poor plasma; 


group, the number of platelets was highest even on the 
first postoperative day. : 
The decrease in AT-IlI and fibrinogen plasma concen- 
trations was significantly more pronounced in the CS 
' patients than in the HF group; AT-III level was even lower 
in the CS groups on the first postoperative day. Thrombin 
and prothrombin times were not different, whereas par- 
tial thromboplastin time was higher postoperatively in the 
CS groups as compared with both HF groups. Plasma 
hemoglobin (free hemoglobin) level was not increased by 
the APP procedure itself and was not significantly dif- 
ferent between the HF and CS groups. Polymorphonu- 


Fig 1. Differences between baseline 800 
values and values at the end of the 
operation (45 minutes after termina- 
tion of cardiopulmonary bypass) 400 
(changes in percentage); * p < 0.01. 
(COP = colloid osmotic pressure; CS 
= Cell Saver; HF = hemofiltration; 
PPP = platelet-poor plasma; PRP = 
platelet-rich plasma.) 100 


COP 


PLATELETS AT-Ii 


PRP = platelet-rich plasma. 


clear elastase was also unchanged by APP. Both PPP 
groups, however, showed higher levels of elastase during 
and after termination of bypass than patients in whom 
PRP was withdrawn. Five hours after bypass and on the 
first postoperative day, elastase no longer differed be- 
tween the groups. 

Colloid osmotic pressure, albumin level, and total pro- 
tein level were significantly less decreased in the HF 
patients; no more differences were noted dn the first 
postoperative day. Pulmonary gas exchange (oxygen ten- 
sion/inspi-ed oxygen fraction) showed no differences dur- 
ing the eatire investigation period; and duration until 
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Table 2. Laboratory Variables of the Four Groups? 





Variable Group Before APP After APP 
Hgb (g/dL) PPP+CS 13.9+0.5 13.5 + 0.7 
PPP+HF 13.8+0.6 13.2 + 1.0 
PRP + CS 135+0.7 131405 
PPP + HF 13.4+0.6 13.1 + 0.7 
Platelets (10%/mL) PPP+CS 1933+37  179+40 
PPP + HF 207446 200+ 34 
PRP+CS 202230 193+ 40 
PRP + HF 203441 174+ 34 

Free Hgb (mg/dL) PPP+CS 22449.0 289269 
(normal, <40) ppP+HF 305+69 348+9.8 
PRP+CS 268+48.0 34.2+7.7 
PRP+HF 243+9.2 28.9+3.9 
Elastase (ug/L) PPP + CS 64 + 33 70 + 30 
(normal, 80- = ppp+HF 70+17 76+ 30 
130) PRP+CS  90+22 89=33 
PRP+HF 92433 79=40 

Heparin (IU/mL) PPP+CS 1.30403 1.20+04. 
PPP + HF 1.55+0.3 1.67 0.3 
PRP + CS 1.33+0.2 1.40 + 0.3 
PRP + HF 1.56+0.5 1.38 + 0.4 
AT-III (%) , PPPS 12+15 1112 
(normal, 80-  PPP+HF 1323+13 1817 
120) PRP- CS 122+11 100+ 16 
PRP.+ HF 119+18  9+14 
Fibrinogen (g/L) PPP+CS 3.67+05 3.44405 
(normal, 1.5- ppp +HF 3.41407 3.20+0.7 
ae) PRP+CS 3.40+0.7 300 0.3 
ee PRP + HF 3.69+0.6 3.02+0.6 
Thrombin time (s) PPP+CS 17.0428 22.0+5.0 
(normal, 16-22) ppp +HF 19.7433 226+4.4 
PRP+CS 189220 198444 
- PRP+HF 185430 19.3+3.3 
Prothrombin time PPP+CS 75.8412 77.6+13 
(%) (normal,  PPP+ HF 749+12 980.7417 
70-120) PRP+CS 78.9413 70.8+12 
PRP + HF 83.0417 74.0+13 
Partial PPP+CS 40.9+3.9 46.0+2.2 
rae amas PPP+HF 45.023.3 40.1429 
orma aah PRP+CS 43.0434 46.9 + 3.0 
PRP+HF 440448 480+ 3.1 
COP (mmHg)  PPP+CS 200+25 20.3419 
(normal, 18-22) ppp+HF 19842.0 193+1.6 
PRP+CS 20.7419 20.120 
PRP+HF 189415 184+0.9 
Albumin (g/dL) PPP+CS 3.54+0.3 280+0.4 
(normal, 3.4-  PPP+ HF 3.34402 2.90+0.2 
4.4) PRP + CS 3.62+0.2 260+ 0.2 
PRP + HF 3.50+0.3 2.55402 
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30-min of l seers 
CPB 5 min 45 min 5h 
91+09 120410 120412 125+1.0 
8440.9 122+07 I21+11  128+10 
89208 15409 122408 123+11 
89405 124405 19+11 127409 
146 +33? 146+ 34 133 + 28 152 + 25 
163 + 33 151 + 36 169 + 26 157 + 48 
138 + 22> 150 + 28 149 + 30> 177 + 31° 
169 + 33 162 + 41 188 + 32° 199 + 33° 
49.9 + 22.8 66.9+20.1 3434168 30.5 + 15.8 
55.2 + 23.8 69.2 +22.0 38.9 +17.9 28.3 + 14.0 
60.4 + 27.9 66.4 +19.4 33.6 +20.5 34.4 + 15.0 
59.8 +30.0 78.8 +20.4 37.8 +23.7 33.3 + 20.3 
401 + 102 477 +200° 422 +103% 289 + 100 
309 + 102 468 +1442 407 + 1064 301+ 102 
211 + 88 260 + 88 255 +100 240 + 67 
250+ 85  286+139 3014109 325+ 85 
172424 14.0+22 122403 144403 
16.3+3.0 105+2.3 167404 1.79405 
16.2422 123420 130403 149+04 
17.7+1.9 17417 144403 1.75406 
67 +19 65 + 20° 85 + 18° 99 + 22° 
76 + 20 80 + 21 109 + 12 126 + 21 
64 + 13 68 + 13° 86 +18" 100 + 20° 
79 +17 74 +15 101 + 16 119 + 11, 
1.57+0.4° 171405 224+06° 2.70+0.8 
190404 185406 288405 3.12+06 
1.60+0.5° 1.50+0.4° 2.06+04° 2.70405 
1.91403 188404 2.96403 2.99403 
20.1 +3.0 18.5 + 4.6 
23.8 +50 20.7+3.0 
24.7 +4.0 21.9+3.3 
277.3449 231461 
40.6+9.9 621+9.0 
34.8+9.0 69.0411 
38.0+7.8  66.9+7.9 
57.9+12 80.9413 
67.0413 50.7+61° 
66.2 +16 341+ 6.0 
71.0+19 526+ 4.9° 
a. td 65.9 +20 276+49.9 
8.0 +1.2° 1112+19 159422 21.0 +27 
12.1+13 125420 185+20  24.0+23 
9.0421 M0419  15.0+21° 201419 
12015 19+08 180414 229421 
1.68 +0.3° 2.00404 246403 2.95 + 0.3° 
198403 2.03+0.2 3.00402 333+0.3 
1.78+0.2° 190403 245403 286+ 0.2° 
2.09402 199402 299402 3.28 40:3 


First Postop 
Day 


11.9 + 1.0 
12.0 + 1.0 
12.7 + 1.2 
12.0 + 1.1 
154 + 23 
172 + 48 
190 + 39° 
209 + 39? 
33.7. 12.0 
30.4 + 14.7 
31.1 + 18.9 
28.7 + 17.9 
277 + 99 
301 +78 
241 £ 77 
246 + 60 
2.50 + 0.6 
2.03 + 0.6 
2.66 + 0.7 
2.02 + 0.4 
98 + 23° 
118 + 23 
101 + 21° 
122 + 12 


“3.63 + 0.7 


3.79 + 0.6 
3.88 + 0.6 
3.78 + 0.6 ` 
19.9 + 3.0 
22.8 + 4.0 
24.9 + 5.0 
19.1 + 2.7 
65.9 £13 
65.9 + 12 
72.0 + 16 
81.9 + 13 
70.0 + 8.8° 
54.9 + 3.3 
66.9 + 7.0° 
28.0 + 4.2 
21.9 + 2.0 
24.5 + 2.5 
21.1 + 2.0 
22.9 + 1.6 
3.00 + 0.2 
3.40 + 0.2 
3.03 + 0.3 
2.99 + 0.2 


ee ESS 


(continued) 
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Table 2. (Continued) 
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SO SSSSSSSSSSSSSSSSSSSSSeeSeSeeeEeeeeeeeeSeSeSeSeSeSeSeSeeeeEEEE 


30-min of 
CPB 5 min 


Variable Group Before APP After APP 


After CPB ee eee 
First Postop 
45 min 5h Day 


ees 





Total protein (g/ PPP + CS 5.98+0.5 4.90405 3.03403 3.25404 412+03° 468403 494+0.5 
dL) (normal, PPP + HF 5.78404 5.01404 3.63+0.3 3.88 + 0.3 5.00 + 0.4 5.44 + 0.4 5.89 + 0.3 
Boe) PRP+CS 5.8040.6 4.50403 3.01+03° 3.01+04° 3.80+0.3° 434403° 480+04 

PRP + HF 5.5740.2 457402 3.50+0.2 3.45+0.3 465+ 0.3 5.12 + 0.2 4.89 + 0.3 

PaO, /FiO2 (mm PPP + CS 390 + 55 399 + 70 244 + 44 388 + 101 344 + 88 360 + 70 544 + 133 

Hg) PPP + HF 369 + 59 399 + 77 233 + 30 378 + 70 345 + 49 427 + 88 555 + 84 
PRP + CS 400 + 66 402 + 77 230 + 51 389 + 99 370 + 44 440 + 100 501 + 123 
PRP + HF 388 + 81 410 + 44 210 + 40 355 + 40 363 + 58 398 + 120 548 + 141 

* Data are shown as mean + standard deviation. > Different from HF patients (p < 0.001); © Different from all patients (p < 0.01); 4 Different 

from PRP patients (p< 0.01); © Different from HF patients (p < 0.01). 

APP = acute plasmapheresis; COP = colloid osmotic pressure; CPB = cardiopulmonary bypass; CS = Cell Saver; FiO, = inspired oxygen 


fraction; HF = hemofiltration; Hgb = hemoglobin; 


extubation was comparable for all groups as well. Hemo- 


globin level (Table 2), hematocrit, activated clotting time, 


thromboelastogram, electrolyte levels, and heparin 
plasma concentration did not differ significantly between 
the groups. 

Baseline values and values at the end of the operation 
are shown in Figure 1, demonstrating the most extensive 
differences between CS and HF patients. In the further 
course of the study period, particularly on the first post- 
operative day, most of these differences had already 
disappeared and values had returned almost to normal in 
all groups. 

None of our patients suffered from sequelae attributable 
to the study; all patients were discharged from the inten- 
sive care unit to a normal ward on the third postoperative 
day. 


Comment 


Basic properties of the coagulation system and its re- 
sponse to CPB have been outlined by several investigators 
[13]. Extracorporeal circulation of blood may lead to 
alterations in hemostatic balance, which is sometimes the 
cause of bleeding disorders in cardiac surgery [14]. 
Plasma preparations such as fresh-frozen plasma and 
platelets are often used during extracorporeal circulation 
with the aim of replacing both the oncotic power and the 
water-retaining capacity of the proteins as well as correct- 
ing coagulation disturbances [3]. However, this is also 
associated with the risk of transmitting viral diseases and 
other adverse effects [2, 15, 16]. Autologous plasma has 
been produced in elective orthopedic patients using plas- 
mapheresis performed weeks or even months before’ the 
operation [17]. A significant reduction in blood consump- 
tion was achieved with this technique in these patients. 
Preoperatively performed APP might add a new dimen- 
sion to perioperative efforts to reduce blood loss, limit 
blood bank usage, and optimize the coagulation system in 
cardiac surgery patients, as has been described recently 
{10, 11]. Acute plasmapheresis can be used immediately 
before operation even in patients in whom acute hemodi- 


PaO, = oxygen tension; 


PPP = platelet-poor plasma; = platelet-rich plasma. 


lution is not possible because of reduced hemoglobin 
values. There is no risk of reducing oxygen transport 
capacity in patients with limited coronary artery reserve, 
such as patients undergoing coronary operations [18]. 

Use of blood concentration devices such as the CS has 
proved a progressive measure toward reduction of post- 
operative donor blood in cardiac surgery [5]. Ultrafiltra- 
tion, on the other hand, differs substantially from this 
centrifugation technique, removing only excess fluid from 
the blood while completely preserving plasma proteins 
that are discarded by the CS technique. Thus, salvage of 
the plasma fraction appears to be of interest, particularly 
in patients in whom autologous plasma is removed pre- 
operatively by APP. 

As demonstrated in our study, the ability to return 
elements of plasma fraction provides advantages by opti- 
mizing the coagulation system and by improving colloid 
osmotic pressure. Albumin and total protein levels were 
reduced significantly by APP, whereas colloid osmotic 
pressure remained almost unchanged owing to the colloid 
osmotic pressure of the high-molecular-weight hydroxy- 
ethyl starch solution. During CPB as well as at the end of 
the operation, colloid osmotic pressure was at a higher 
level in the HF patients as compared with the CS groups. 
According to Starling’s equation, this contributes to main- 
tenance of optimal pulmonary fluid hemostasis [19-21] 
and pulmonary function. 

With regard to number of platelets, fibrinogen level, 
and AT-II plasma concentration, HF was shown to be 
superior to CS technique in this study: HF affected these 
variables less than the CS system by preserving the 
plasma fraction. Production of autologous PRP in combi- 
nation with HF resulted in the highest number of platelets 
during and after CPB. This is of. importance because 
hematological and coagulation abnormalities sometimes 
complicate CPB [13]. Three major objections must be 
considered, however: (1) possible clearance of heparin by 
the hemofilter; (2) activation of various deleterious hu- 
moral cascades [22-24], resulting in cellular damage from 
APP or the hemofilter itself, and less removal of these 
“toxic” products by the HF technique; and (3) additional 
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blood traumatization by APP and a less effective removal 
of plasma hemoglobin by HF. Í 

First, heparin concentrations were not different be- 

tween the groups during the entire investigation period. 
Second, the level of elastase, the most remarkable proteo- 
lytic enzyme released by polymorphonuclear neutrophils, 
was not increased by APF itself and did not differ between 
the CS or HF patients in the further course of investiga- 
tion. Elastase plasma concentration in all APP patients 
was not as high as reported by other investigators in 
comparable study protocols [26] or even in patients with 
shock or sepsis with polymorphonuclear elastase values 
greater than 2,000 ug/L [27]. Elastase plasma concentra- 
tion was lowest in the PRP patients, indicating a possible 
important feature of the APP procedure in cardiac sur- 
gery. 
Last but not least, the level of plasma hemoglobin (free 
hemoglobin) was not significantly different between the 
groups. Free hemoglobin values in our investigation were 
comparable with findings of other investigators using no 
ultrafiltration device [28]. The importance of slightly in- 
creased plasma hemoglobin values is often exaggerated; 
free hemoglobin is often increased even after physical 
training and the clearance rate is very high. None of our 
patients suffered from any organ failure; in particular, 
renal and pulmonary function were within normal range 
in all patients (ie, pulmonary gas exchange and duration 
until extubation were without differences between the 
groups). 

In this study in rather healthy patients undergoing 
cardiac operations, we showed the advantages of using 
HF in combination with APP in comparison with use of 
the CS system together with APP. The coagulation system 
and the colloid osmotic pressure tended to normalize 
earlier in HF-treated patients. None of the HF patients 
needed donor blood; however, the differences with the 
CS groups, in which homologous blood was trar:sfused (4 
of 30 patients), were statistically not significent, most 
likely owing to the small number of patients studied. 
Thus, this combined technique for blood conservation 
should be tested in larger clinical trials. 

One aspect that should not be neglected when using 
blood conservation techniques is the costs, although it is 
difficult to discuss this aspect owing to the very different 
medical systems that exist in different countries. Fresh- 
frozen plasma is approximately twice as expensive as 
autologous plasma, and platelets are approximately six 
times more expensive than PRP produced by APP. The 
HF technique is substantially less expensive than the CS 
procedure, even more when the discarded plasma is 
replaced by fresh-frozen plasma. Moreover, conse- 
quences of possible transmission of viral diseases by 
blood products would result in a huge enhancement of 
cost. We conclude that preoperatively performed APP 
may be an additional tool in the efforts to reduce homol- 
ogous blood and blood derivative use in cardiac opera- 
tions. When APP is used, however, loss of plasma owing 
to hemoconcentration by the centrifugation technique 
should be avoided. The beneficial effects of “rescuing” 
plasma from extracorporeal oxygenation, and retransfus- 
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ing it thereafter, appears to be blunted by elimination of 
plasma by the CS. Thus, the CS should be replaced in 
patients undergoing APP by HF during and after bypass 
to optimize coagulation as well as colloid osmotic pres- 
sure. 


References 


1. Lowenstein E. Blood conservation in open heart surgery. 
Cleve Clin Q 1981;48:112-25. 

2. Peterman TA. Transfusion associated acquired immunodefi- 
ciency syndrome. World J Surg 1987;11:36—-40. 

3. Hiratzka LH, Richardson JV, Brandt B. The effect of autolo- 
gous blood salvage techniques upon bank blood usage and 
the cost of routine coronary revascularization. Perfusion 
1986;1:239-44. 

4. Bidstrup BP. Blood conservation in cardiac surgery: can 
drugs help? Perfusion 1988;3:171-7. 

5. Mayer ED, Welsch M, Tanzeem P, et al. Reduction of 
postoperative donor blood requirements by use of the cell 
separator. Scand J Thorac Cardiovasc Surg 1985;19:165—-71. 

6. Magilligan DJ, Oyama C. Ultrafiltration during cardiopulmo- 
nary bypass: laboratory evaluation and initial clinical experi- 
ence. Ann Thorac Surg 1984;37:33-9. 

7. Tamari Y, Nelson R, Levy R, et al. Conversion of dilute pump 
blood to whole blood by single pass ultrafiltration. J Extra- 
corporeal Technol 1983;15:126-32. 

8. Boldt J, Kling D, Zige M, Hempelmann G. Blood conserva- 
tion in cardiac surgery—cell saving versus hemofiltration. J 
Thorac Cardiovasc Surg 1989;97:832-40, 

9. Nelson RL, Tamari Y, Tortolani AJ, Hall MH, Moccio CG. 
Ultrafiltration for concentration and salvage of pump blood. 
In: Utley JR, ed. Pathophysiology and technique of cardio- 
pulmonary bypass; vol II. Baltimore: Williams & Wilkins, 
1983:229. 

10. Boldt J, v Bormann B, Kling LD, Jacobi M, Hempelmann LG. 
Acute preoperatively performed plasmapheresis (APP)—is it 
of benefit for patients undergoing cardiac surgery proce- 
dures? Anesthesiology (in press). 

11. Giodorno GF, Rivers SL, Chung GKT, et al. Autologous 
platelet-rich plasma in cardiac surgery: effects on intraoper- 
ative and postoperative transfusion requirements. Ann Tho- 
rac Surg 1988;46:416-9. 

12. Harke H, Tanger D, Ftirst-Denzer S, Papachrysanthou C, 
Bernhard A. Effects of preoperative separation of platelets on 
the postoperative blood loss subsequent to extracorporeal 
circulation in open heart surgery. Anaesthesist 1977;26: 
64-71. 

13. Young JA. Coagulation abnormalities with cardiopulmonary 
bypass. In: Utley LR, ed. Technique and pathophysiology of 
cardiopulmonary bypass; vol II. Baltimore: William & Wil- 
kins, 1983:88. 

14. Harker LA. Bleeding after cardiopulmonary bypass. N Engl J 
Med 1986;314:1446-8. 

15. Berman IR, Iliescu H, Ranson HJ, Eng K. Pulmonary capillary 
permeability—a transfusion lesion? J Trauma 1976;16:471-81. 

16. Ebert JP, Grimes B, Niemann K. Respiratory failure second- 
ary to homologous blood transfusion. Anesthesiology 1985; 
63:104-6. 

17. v Finck M, Eulert J, Heller W, Schorer R. Autotransfusion 
and plasmapheresis for operation—reaction of coagulation 
parameters. Anaesthesist 1985;34:675-80. 

18. Messmer K, Garnandt L, Singowitz E. Local oxygen tension 
in tissue of different organs during limited normovolemic 
hemodilution. Bibl Anat 1973;12:327-33. 


68 BOLDT ET AL 
PLASMAPHERESIS AND BLOOD CONSERVATION 


19. Starling EH. On the absorption of fluids from the connective 
tissue spaces. J Physiol 1896;19:312-20. 

20. Weil MH, Henning RJ, Puri VK. Colloid oncotic pressure— 
clinical significance. Crit Care Med 1979;7:113-7. 

21. Guyton A, Parker J, Taylor A, Jackson T. Forces governing 
water movement in the lung. In: Fishman AP, Renkim EM, 
eds. Pulmonary edema. Baltimore: Williams & Wilkins, 1979: 
65. 

22. Westaby S. Organ dysfunction after cardiopulmonary by- 
pass. A systemic inflammatory reaction initiated by the 
extracorporeal circuit. Int Care Med 1987;13:89-95. 

23. Craddick PR, Fehr J, Brigham KL. Complement and leuco- 
cyte-mediated pulmonary dysfunction in hemodialysis. N 
Engl J Med 1977;296:769-74. 

24. Chenoweth DE, Cooper SW, Hugli TE, Steward RW, Black- 


REVIEW OF RECENT BOOKS 


General Thoracic Surgery, Third Edition 
Edited by Thomas W. Shields 

Philadelphia, Lea & Febiger, 1989 

1,250 pp, illustrated, $150.00 


Reviewed by Blair A. Keagy, MD 


The book General Thoracic Surgery, edited by Thomas Shields, 
belongs on the shelf of every general thoracic surgeon. The 
recently published third edition is larger (178 more pages and 25 
additional chapters) than its predecessor published in 1983 and 
has been substantially updated to include the latest information 
on diagnosis and treatment of thoracic surgical problems. Anal- 
yses of the newest radiological techniques are available as well as 
reports on therapeutic advances in adjuvant therapy and descrip- 
tions of new surgical techniques. The book contains slightly 
modified versions of its classic chapters. The outstanding “Tra- 
cheal anatomy and surgical approach” section by Grillo has been 
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retained, while the pulmonary resection chapter has been 
changed to emphasize the more frequent use of staplers. New 
chapters addressing sleeve lobectomy and pneumonectomy, as 
well as the median sternotomy approach to pulmonary resection, 
are welcome additions. There is up-to-date information on com- 
bined therapy (chemotherapy, radiotherapy, immunotherapy) in 
both esophazeal cancer and pulmonary malignancies. Other new 
sections inchide free intestinal transfer and microvascular tech- 
niques used with lesions of the esophagus, as well as new 
chapters on adult respiratory distress syndrome and lung trans- 
plantation. In summary, an outstanding book has been made 
even better. The illustrations are good, the narrative sections are 
clear and corcise, and the book is well organized. I used the book 
frequently ir my clinical practice during this evaluation and can 
give it my highest recommendation. 
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Late Results of Aortic Valvotomy for Congenital 


Valvar Aortic Stenosis 
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Charles L. McIntosh, MD, PhD, and Richard E. Clark, MD 
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Maryland 


Fifty-one patients, aged 1 to 18 years, having aortic 
valvotomy for congenital valvar aortic stenosis between 
1956 and 1986 were followed up. The average age at 


operation was 11.5 years, with an operative mortality of 


3.9%. The aortic valve gradient decreased from a mean 
preoperative value of 91 mm Hg to 27 mm Hg postoper- 
atively. Current follow-up was 90% and averaged 16.8 
years. Late cardiac mortality was 17.6%, with actuarial 
survival of 93.7% at 10 and 15 years, 81.8% at 20 and 25 
years, and 70.9% at 28 years. Nineteen patients required 
reoperation (39%) at a mean of 17.7 years postopera- 


Co valvar aortic stenosis refers to obstruction 
of the left ventricular outflow tract at the annular 
level owing to imperfect cusp development. It represents 
5% of all congenital heart disease [1, 2]. Aortic valvotomy 
under direct vision was first described in 1956 [3, 4] using 
hypothermia and shortly thereafter using cardiopulmo- 
nary bypass [5, 6]. It remains the preferred operation for 
this disease in young patients. It is commonly accepted 
that aortic valvotomy is a palliative operation that pro- 
vides initial benefit and decreased risk of sudden death 
but is followed by an increasing incidence of reoperation, 
return of symptoms, and late death. Most reported series 
conclude that all patients treated with valvotomy will 
ultimately require aortic valve replacement [7-11], and 
two groups of investigators [12, 13] state that all patients 
will need reoperation within 20 years. The purpose of this 
study was to determine the long-term benefit of aortic 
valvotomy in the treatment of congenital valvar aortic 
stenosis in terms of incidence of reoperation and sudden 
death without reoperation. 


Material and Methods 

All patients with isolated congenital valvar aortic stenosis 
who had aortic valvotomy at the National Institutes of 
Health (NIH) between 1956 and 1986 were considered for 
this study. Newborns and infants aged less than 1 year 
were not included because none were referred to the NIH. 
Patients aged more than 18 years were excluded. Fifty-one 
patients satisfied these criteria. The average age at the 
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tively, with a reoperation-free survival of 98% at 10 
years. The reoperation rate accelerated in the following 
decade to 3.3% per year. Ten patients without reopera- 
tion were evaluated by continuous-wave Doppler echo- 
cardiography. The mean gradient was 21.6 mm Hg, and 
90% had mild to moderate aortic insufficiency. This 
study confirms the efficacy of valvotomy in this age 
group and suggests that long-term survival and time to 
reoperation may be longer than previously reported. 


(Ann Thorac Surg 1990;50:69-~73) 


time of operation was 11.5 years (range, 1 to 18 years). 
There were 37 (73%) male and 14 (27%) female patients. 
All patients underwent preoperative cardiac catheteriza- 
tion and were asked to return 6 to 12 months after 
operation to quantitate any residual postoperative steno- 
sis or insufficiency. Forty-three patients (88%) had cardiac 
catheterization during this interval. 

Indications for operation included a peak systolic aortic 
valve gradient greater than 50 mm Hg measured by 
cardiac catheterization, the presence of symptoms (angi- 
na, syncope, dyspnea on exertion, or fatigue), or.both. 
Fifty patients (98%) had gradients in excess of 50 mm Hg, 
and in 33 (66%) symptoms were manifest. One patient 
had the operation for symptoms alone, whereas the sole 
indication in 17 (33%) was the presence of a gradient. 
Each patient underwent open aortic valvotomy using 
cardiopulmonary bypass with either moderate hypother- 
mia or standard cardioplegic techniques. Thirty-seven 
valves (73%) were bicuspid, and the remainder were 
tricuspid. None was unicuspid, and one valve was not 
described because the procedure was performed by the 
transventricular approach. 

A diligent search was performed to contact each patient 
or a family member. Those without a subsequent opera- 
tion were reevaluated by thorough physical examination, 
chest roentgenogram, electrocardiogram, and echocardio- 
gram with continuous-wave Doppler echocardiography. 
Patients unable to return to the NIH were evaluated by 
their local physician. Functional class was assigned ac- 
cording to the New York Heart Association criteria [14]. 
Left ventricular hypertrophy was assessed by electrocar- 
diogram using the criteria established by Romhilt and 
Estes [15]. Cardiomegaly was reported if the cardiotho- 
racic ratio, as measured by posteroanterior chest roent- 
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Fig 1. Reduction in peak systolic aortic valve gradient 180 180 
(in millimeters of mercury) as measured by cardiac 160 
ee cts 160 
catheterization. Forty-three patients had both preoper- i 
ative and postoperative evaluation. 140 140 
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genogram, was greater than or equal to 0.5. Aortic valve 
gradients were measured by continuous-wave Doppler 
echocardiography. 

Mortality was defined in terms of operative and late 
deaths. Operative death occurred within 30 days of val- 
votomy or during hospitalization. Death after discharge 
was classified as late according to the guidelines of The 
Society of Thoracic Surgeons [16, 17]. Late deaths were 
described as being related or unrelated to cardiac causes. 
Actuarial analysis of long-term survival used standard 
techniques [18, 19] and the Statistical Analysis Systems 
(Statistical Analysis- Systems Institute, Cary, NC). Proba- 
bility estimates, expressed as the standard error of the 
mean, used BMDP Statistical Software (University of 
California, Los Angelės, CA). 


Results 

Forty-nine patients survived aortic valvotomy, for an 
operative mortality of 3.9%. The only operative deaths 
occurred in 1957 and 1958. The first resulted from conges- 
tive heart failure two hours after operation secondary to 
iatrogenic aortic insufficiency, and the second from ven- 
tricular fibrillation 12 hours into the postoperative period. 
Since 1959, all patients have survived the procedure. 

_A comparison of preoperative and postoperative cath- 
eterization documented a substantial reduction (74% + 
3%) of the pedk.systolic aortic valve gradient from a mean 
of 91 + 5.2 to 27 + 4.3 mm Hg (Fig 1). Six patients (14%) 
had postoperative gradiénts greater thari 50 mm Hg. The 
mean follow-up for this subset was 14.7. years. Four 
patients required subsequent aortic valve replacement at a 
mean interval of 15.5 years, and 2 died secondary to 
cardiac dysrrhythmia at 19.6 and 21 years, respectively. 
Aortic insufficiency was absent in all patients before 
valvotomy; however, 7 patients (16.3%) had documented 
insufficiency on postoperative catheterization. 

Survivors and nonsurvivors were compared With re- 
spect to.the presence of a bicuspid valve and the magni- 
tude of both preoperative and postoperative aortic valve 
gradients. The presence of a bicuspid valve did not 
influence the extent of either preoperative or postopera- 
tive gradient significantly (p > 0.05). Gradients in survi- 


vors did not differ significantly from those in nonsurvi- 
vors (p > 0.05). Analyses of patients whose. follow-up 
exceeded 20 years showed no significant difference in 
preoperative or postoperative gradients, number of valve 
cusps, réoperation-free survival, or mortality. Hence, in 
this series, neither the presence or absence of a bicuspid 
valve nor the magnitude of either the preoperative or 
postoperative gradient predicted the length of postoper- 
ative survival. 

Forty-four (90%) of the 49 hospital survivors were 
contacted within the past year. Pertinent available data 
from those not located during the follow-up interval were 
used until the time of last contact. For actuarial purposes, 
follow-up ceased once the patient had reoperation, was 
lost to follow-up, or died. The mean follow-up was 16.8 
years; the longest was 28.5 years, and 16 patients (31%) 
were followed for more than 20 years. Thirty-eight pa- 
tients (75%) were alive. Operative mortality accounted for 
3.9%, and long-term mortality was 21.6% (13.7% was 
cardiac related). The most frequent cause of late death in 
this study was dysrrhythmia (36%) followed by pulmo- 
nary embolus (18%), congestive heart failure (9%), myo- 
cardial infarction (9%), and motor vehicle accident and 
suicide (9% each). The cause of death in 1 patient was 
unknown and,. for actuarial purposes, was considered 
cardiac. Mortality for the 16 patients whose follow-up was 
longér than 20 years was 6.25%. This was surprisingly 
low; however, when compared with the remainder of the 
population there was no significant differerice (p > 0.05). 

Reoperation was performed in 19 patients. (39%). The 
predominant indication was the return of symptoms; ie, 
angina, syncope, exercise intolerance, or fatigue, and the 
presence of restenosis (37%) followed by restenosis with 
insufficiency (16%) or pure insufficiency (16%). Only two 


‘patients (11%) required reoperation for asymptomatic 


restenosis, ie, a peak systolic gradient greater than 50 mm 
Hg. One patient underwent resuspension of the aortic 


_ valve 11 months after valvotomy; the remainder required 


aortic valve replacement. Only 1 patient required a second 
valve replacernent, which was performed to correct reste- 
nosis and a perivalvar leak of a bioprosthesis 4⁄2 years 
later. The mean time from aortic valvotomy to reoperation 
was 17.7 years. A bicuspid valve was present in 15 
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patients (79%) who required reoperation; this did not 
differ significantly from the initial population (p > 0.05). 

Actuarial analysis performed on the survivors of initial 
valvotomy produced two curves (Fig 2). Curve A ex- 
cluded deaths judged to be noncardiac, whereas curve B 
included deaths from all causes. Survival was 91.7% at 10 
years and 89.3% at 15 years. Twenty- and 25-year surviv- 
als were 72.4%; survival at 28 years was 62.7%. With 
noncardiac deaths excluded (curve A), survival remained 
100% at 5 years but, in comparison, both 10- and 15-year 
survival improved to 93.7%. Twenty- and 25-year surviv- 
als were 81.8%; survival at 28 years improved to 79.9%. 
Seventy-five percent survival increased from 19.3 + 1.58 
years to 26.6 + 0.57 years. 

Reoperation-free survival was 98% at both the 5- and 
10-year intervals (Fig 3). Thereafter, survival decreased 
linearly. Fifteen-year survival was 88.6%, whereas 63.9% 
and 50.3% of patients avoided reoperation at the 20- and 
25-year milestones, respectively. At 28 years, only 43.6% 
of patients had not had reoperation. The 75% reoperation- 
free survival interval was 17.7 years. 

Thirteen (93%) of the 14 survivors who did nct undergo 
reoperation were evaluated during the past year. Eleven 
(79%) were examined at the NIH and the remainder were 
examined by their local physician. Mean follow-up was 
19.8 years. All patients were in New York Heart Associ- 
ation functional class I. Seventy percent had cardiomegaly 
by radiographic measurement; left ventricular hypertro- 
phy (LVH) was apparent on electrocardiogram in 18%, 
with an additional 27% having probable LVH. Ten pa- 
tients (71%) had echocardiography and measurement of 
the aortic valve gradient by continuous-wave Doppler 
echocardiography. Gradients ranged from 9 to 67 mm Hg 
(mean, 21.6 mm Hg). Some degree of insufficiency was 
present in 9 patients (90%) by echocardiography. Insuffi- 
ciency was interpreted to be absent in 1 patient (10%), 
mild in 3 (30%), mild to moderate in 3 (30%), moderate in 
2 (20%), and severe in 1 (10%). The presence of LVH on 
electrocardiogram was compared with the degree of ste- 
nosis measured by Doppler echocardiography. The only 
patients with LVH had aortic valve gradients of 34 and 64 
mm Hg and had moderate and severe insufficiency, 
ReSpecHvely® 


Comment 


Aortic valvotomy has an appreciably higher mortality 
when performed in neonates and somewhat higher when 
performed in infants [2,23-25] because they have a more 
severe form of the diseasé. Most neonates and young 
infants come to operation critically ill and may have 
associated left-sided congenital anomalies such as left 
ventricular hypoplasia, endocardial fibroelastosis, con- 
genital mitral stenosis, coarctation of the aorta, or ventric- 
ular septal defect, which are not amenable to valvotomy 
alone. Fortunately, for patients aged 1 year or older, as 
demonstrated by this study, aortic valvotomy is a low-risk 
procedure [2, 24]. Published mortality data for patients 
aged more than 1 year vary from 0% to 15.7% (average, 
2.8%) [22]. The operative mortality in this series was 
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Fig 2. Actuarial analysis of all patients surviving aortic valvotomy 
for congenital valvar aortic stenosis; curve A excludes noncardiac 
deaths and curve B includes all causes of death. (N = number of pa- 
tients at risk; SEM = standard error of the mean.) 


3.9%. This is slightly higher than that of several studies [9, 
11, 27, 29] but reflects the historical nature of this popu- 
lation. The absence of operative deaths in`49 patients at 
the NIH for the past 27 years reflects the current safety of 
aortic valvotomy. 

Late mortality remains somewhat higher. Long-term 
survival was 74% in this population, with a cardiac- 
related mortality of 14%. This agrees with the 13% re- 
ported by Hossack and colleagues [29], and is slightly 
better than the 18.5% reported by Stewart and associates 
[7] and the 22% reported by Hsieh and co-workers [8], 
which are the only other studies to date with mean 
follow-up exceeding 15 years. These studies, considered 
in the aggregate, suggest that the overall long-term mor- 
tality is slightly greater than 1% per year. Mortality from 
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Fig 3. Actuarial analysis of operation-free survival in percentage of all 
patients surviving aortic valvotomy for. congenital aortic stenosis. (N 
= number of patients at risk; SEM = standard error of the mean.) 
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Table 1. Outcome of Patients With Postoperative Aortic 
Insufficiency on Cardiac Catheterization 


NYHA functional class I 

Aortic valve replacement 

Died . 
Pulmonary embolus 
Dysrrhythmia 
Myocardial infarction | 


Total 





N FP RNR Ee PD 


NYHA = New York Heart Association. 


the present study was absent in the first 5 years after 
valvotomy and then increased to approximately 1.5% per 
year. 

Catheterization data in this series attest to the efficacy of 
aortic valvotomy in relieving left ventricular outflow tract 
obstruction and confirm previous reports [20-22]. How- 
ever, 14% of patients had residual gradients of 50 mm Hg 
or greater. Two thirds required aortic valve replacement, 
and the remaining third died of dysrrhythmias. Patients 
with residual gradients of this magnitude should be 
considered at high risk of sudden death and require close 
follow-up. Reoperation should be considered earlier in 
these patients with residual stenosis. 

Insufficiency was present in 16.2% who had postoper- 
ative cardiac catheterization. This agrees with the 21% 
quoted by Mackworth-Young and colleagues [27], and 
reaffirms the prevalence of this complication. Mild insuf- 
ficiency has not been considered to affect long-term sur- 
vival adversely; however, patients with postoperative 
aortic insufficiency in this series had a disproportionate 
number of late deaths (57%); 28.6% of the deaths were 
cardiac in nature (Table 1). Although not statistically 
significant in this small population, aortic insufficiency 
may adversely affect the outcome of aortic valvotomy; 
until this possibility can be refuted, more attentive follow- 
up of these patients is warranted. 

The prospect of reoperation, usually requiring aortic 
valve replacement, emphasizes the palliative nature of 
aortic valvotomy. In this series, 19 patients (39%) required 
reoperation. Indications included recurrent stenosis, 
symptoms, or aortic insufficiency. The incidence of reop- 
eration closely compares with reports of 38% by Stewart 


and associates [7], 33% by Hossack and colleagues [29], 


and 36% by Hsieh and co-workers [8], whose follow-up 
averaged 15, 13, and 17.7 years, respectively. The average 
time to reoperation in the present study was 17.7 years 
and by life-table analysis 50% of patients would be ex- 
pected to require reoperation 26 years after initial valvot- 
omy. 

In this series, the likelihood of subsequent operation 
after valvotomy was approximately 2% over the entire 
first decade,.or 0.2% per year (Fig 3). Thereafter, the risk 


of reoperation increased significantly and continued lin- . 


early at 3.3% per year. Assuming that this risk remains 
linear, all patients would be reoperated on within 40 
years. These data do not Agree with those of Presbitero 
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and colleagues [13] and Sommerville and co-workers [12], 
and suggest that reoperation-free survival may be longer 
than previously reported. In addition, the low rate of 
reoperation in the first decade and the dramatic increase 
in the second corroborate the findings of Lawson and 
associates [26] and Presbitero and colleagues [13]. Al- 
though the prospect of almost a decade free from reoper- 
ation and the possibility of deferring valve replacement 
for up to.40 years are encouraging, these data reiterate the 
palliative nature of aortic valvotomy and the inevitability 
of reoperation. 

Echocardiographic and Doppler echocardiographic data 
from patients who have had aortic valvotomy for congen- 
ital aortic stenosis and whose average follow-up was 20 
years showed a mean estimated gradient of 22 mm Hg. 
Almost half of these values were within 15 mm Hg of the 
gradient measured at postoperative cardiac catheteriza- 
tion. Onlv 1 patient’s gradient was greater than 40 mm 
Hg; this patient also had severe aortic insufficiency and 
LVH. Although this population was small, the finding of 
LVH on electrocardiogram was present only in patients 
whose gradient exceeded 30 mm Hg and who had mod- 
erate to severe aortic insufficiency. 

Although aortic insufficiency is present in about one 
fifth of patients 6 to 12 months after operation, these data 
suggest that insufficiency progresses with time. Even 
though this cohort was asymptomatic about 20 years later, 
50% had moderate to severe insufficiency and 90% had 
some insufficiency detectable by Doppler echocardiog- 
raphy. Thus, asymptomatic aortic insufficiency may be 
more prevalent and serious than currently believed, and 
the presence of LVH on electrocardiogram suggests seri- 
ous aortic stenosis with at least moderate insufficiency. 
Finally, despite the limitations of continuous-wave Dop- 
pler echocardiography, these results confirm the excellent 
relief of left ventricular outflow tract obstruction afforded 
by aortic valvotomy and demonstrate the usefulness of 
noninvasive modalities in identifying stenosis and insuf- 
ficiency. 


Conclusion 


Aortic valvotomy remains an excellent palliative proce- 
dure for congenital aortic stenosis. Operative moriality is 
low in children, adolescents, and adults, and relief of left 
ventricular outflow tract obstruction is substantial and 
predictable. Neonates and infants (not included in this 
study), however, have a more severe form of the disease 
and operative mortality is still substantial. The present 
study reaffirms the effectiveness of valvotomy in decreas- 
ing the risk of early sudden death and suggests that 
long-term survival is also improved. Mortality is virtually 
absent for the first 5 years after valvotomy and then 
averages 1.5% per year. Furthermore, the need for reop- 
eration is unlikely during the first decade but increases 
linearly at 3.3% per year thereafter. Although only 39% of 
patients required reoperation, it is estimated that all 
patients will require reoperation within 40 years of the 
initial procedure. 

Postoperative insufficiency i is a real, yet understand- 
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able, imperfection of aortic valvotomy. It occurs almost 
20% of the time and may indicate a poorer prognosis. 
Although not firmly established by this study, the con- 
siderable number of late deaths in this group suggest that 
patients with postoperative insufficiency require more 
attentive long-term follow-up. Similarly, postoperative 
gradients of 50 mm Hg or greater predispose patients to 
sudden death and earlier aortic valve replacement. 
Hence, annual noninvasive testing is recommended for 
patients with either residual stenosis or postoperative 
insufficiency. 

All patients without reoperation since initial valvotomy 
were asymptomatic. Echocardiographic and continuous- 
wave Doppler echocardiographic data confirmed the ex- 
cellent long-term relief of stenosis afforded by open val- 
votomy and illustrated the gradual restenosis and 
progression of aortic insufficiency. Evidence of LVH on 
electrocardiogram was present only in patients with aortic 
valve gradients greater than 30 mm Hg and moderate to 
severe insufficiency. Hence, LVH may be a strong indica- 
tor of restenosis with, at least, moderate aortic insuffi- 
ciency. Cardiomegaly, as determined by chest roentgen- 
ogram, was a common finding, present in 70% of 
patients. 

Finally, the low operative mortality and the excellent 
long-term relief of stenosis and symptoms provided by 
open aortic valvotomy in patients aged more than 1 year 
of age establish it as the standard procedure with which 
balloon valvoplasty and other future nonoperative thera- 
pies for congenital aortic stenosis should be compared. 


We are grateful to Gail J. Greenberg for assistance in manuscript 
preparation. 
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Complications after aortic replacement that result from 
prolonged graft insertion time and technical difficulties 
with suturing through friable, diseased aortic tissue can 
be addressed with use of the sutureless intraluminal ring 
graft. Between 1978 and 1989, we replaced the ascending 
aorta or aortic arch with this device in 49 patients. At no 
time were we unable to use a sutureless graft during a 
procedure. Twenty-eight cases of aneurysmal disease 
and 21 cases of acute or chronic dissection were treated. 
Twenty-six patients required replacement of the aortic 
valve, with annuloaortic ectasia being the most common 
indication (71%). Ten patients underwent concomitant 
coronary artery bypass grafting. The operative mortality 
rate for ascending aortic aneurysm repairs was 4%, and 


urgical management of diseases of the ascending aorta 

and aortic arch is associated with high morbidity and 
mortality [1-4]. In part, these complications result from 
technical difficulties with the use of conventional tube 
grafts, including suture line hemorrhage through friable 
tissue [1, 5]. In addition, prolonged insertion times in- 
crease the risk of myocardial injury and cerebral ischemic 
damage. To avoid anastomotic complications and mini- 
mize graft insertion time, we began using sutureless 
intraluminal ring grafts for descending aortic dissections 
in 1976 and extended this practice to the ascending aorta 
in 1978. In this report, we review our 10-year experience 
with this device in the ascending aorta and aortic arch. 


Material and Methods 


Between 1978 and 1989, 49 patients underwent replace- 
ment of the ascending aorta or aortic arch with a suture- 
less intraluminal prosthesis. (The first eight devices were 
- handmade in the Temple University machine shop. All 
remaining grafts were made by Bard, Inc [Billerica, MA].) 
Twenty-three of the patients were operated on during the 
first half of the study period, and 26 were operated on 
during the second half. Figure 1 summarizes patient 
profiles and treatment. Thirty men and 19 women were 
involved in the study; their ages ranged from 15 to 77 
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that for dissections was 18%. Five of 8 patients requiring 
aortic arch replacement survived. Most patients were 
studied angiographically before discharge. No complica- 
tions were related to anastomotic hemorrhage, pseudo- 
aneurysm formation, graft migration, or thromboemboli. 
Individual cases of phrenic nerve palsy, acute tubular 
necrosis, and transient ischemic attack, all of which 
resolved completely, were identified. The actuarial 5- 
year survival rate is 64%. We conclude that modification 
of the sutureless intraluminal ring graft to suit the 
pathology encountered at operation allows the quickest 
repair with the least chance of anastomotic complication. 


(Ann Thorac Surg 1990;50:74-9) 


years (mean age, 57 years). The follow-up period was 104 
months (mean follow-up, 49 months). Eight operations 
involved placement of the graft in the aortic arch, and 41 
involved insertion into the ascending aorta. Fifteen pa- 
tients (31%) were taken to the operating room under 
emergency conditions. Among the patients requiring re- 
placement of a diseased portion of the ascending aorta, 13 
had acute dissections, 4 had chronic dissections, and 24 
had atherosclerotic aneurysms. Among the 8 patients 
requiring operation on the aortic arch, 4 had atheroscle- 
rotic aneurysms and 4 had dissections, two of which were 
acute. Twenty-six patients (53%) underwent aortic valve 
replacement at the time of their aortic operation; 20 of 
these individuals had aneurysmal disease. Eight patients 
(16%) required concomitant coronary artery bypass graft- 
ing. Four patients had an aortoatrial polytetrafluoroeth- 
ylene (PTFE) shunt placed at the completion of the pro- 
cedure. Most patients underwent digital subtraction 


` angiographic evaluation of the ring graft before discharge 


from the hospital. A few patients underwent long-term 
follow-up with digital subtraction angiography, com- 
puted tomography, or magnetic resonance imaging to 
evaluate ring graft function. Serum hemoglobin and hap- 
toglobin levels were measured in select patients to evalu- 
ate hemolysis. 


Operative Technique 

The sutureless intraluminal ring graft may be modified to 
suit the pathological condition found during replacement 
of the ascending aorta and aortic arch. 
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49 Cases 
21 Dissections 28 Aneurysms 
15 Acute 6 Chronic 1 
13 Ascend 2 Arch 4 Ascend 2 Arch 24 Ascend 4 Arch 
E CABG (} CADO) 5 GABO) (1 AYR) 
3 AYR 3 AYR 19 AYR 


Fig 1. Flow chart of patients undergoing replacement of the ascending 
aorta and aortic arch shows underlying disease and treatment 
required. (AVR = aortic valve replacement; CABG = coronary artery 


bypass grafting.) 


ACUTE DISSECTION. If the aortic valve is not involved or can 
be resuspended, the proximal spool of the prosthesis is 
fixed with five horizontal mattress sutures of 3-0 polypro- 
pylene placed at each aortic valve commissure and above 
each coronary ostium (Fig 2). The spool is secured in place 
with a 2-mm Dacron tie (Bard, Inc, Billerica, MA). The 
distal spool then is inserted and secured in place with 
another Dacron tie placed around the aorta. 


ANEURYSM WITH AORTIC INSUFFICIENCY. In patients who 
require simultaneous aortic valve replacement, we re- 
move the proximal ring and suture the Dacron graft to the 
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valve using a running 3-0 polypropylene suture (Fig 3). 
We most commonly used a Bjérk-Shiley valve early in our 
experience, but later changed to the St. Jude prosthesis. 
After the composite graft is constructed, the device is 
inserted into the aorta in a fashion similar to the Bentall 
procedure [6]. Orifices are created in the graft and are 
secured at the coronary ostia with running 4-0 polypro- 
pylene sutures. The distal ring of the intraluminal device 
then is inserted, and the spool is secured permanently 
with external ligatures of nylon tape. Alternatively, we 
have inserted a valve with an attached PTFE graft and 
then secured the proximal ring of the intraluminal device 
within the PTFE sheath using Dacron tape ties. This 
method allows easier reconstruction of the coronary ostia. 
Even if the proximal ring is removed to construct an 
individualized proximal anastomosis, we believe that time 
is saved by retaining the distal spool for easy insertion. 
The aortic wall is closed about the graft at the completion 
of the procedure. If an aortoatrial fistula is deemed 
necessary, a PTFE graft 6 or 8 mm long is constructed; this 
graft often closes by the time of follow-up digital subtrac- 
tion angiographic evaluation, and we have had no com- 
plications with these shunts. 


ARCH ANEURYSM. Rapid replacement of diseased tissue is 
accomplished using the ring grafts (Fig 4). The grafts are 
elongated as needed either by suturing two ring grafts 
together or by using a PTFE graft as a sleeve into which 





B 


Fig 2. (A) Pathology encountered in an acute aortic dissection. The aortic valve is competent. (B) Repair is accomplished with a sutureless device 
secured above the aortic valve with several nylon sutures above the commissures, followed by Dacron tape ties around the spools and aortic wall. 
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Fig 3. (A) An aortic aneurysm with aortic insufficiency. (B) The anterior aortic wall is incised to show the aortic valve annulus. (C) The proxi- 
mal spool of a sutureless graft has been removed, and the free cuff is attached to an aortic prosthetic valve and sutured in place in the usual fash- 
ion, including reanastomosis of the coronary arteries. (D) Alternatively, a prosthetic valve attached to polytetrafluoroethylene material is inserted, 
and the proximal spool of a sutureless device is secured within the free end of the polytetrafluoroethylene graft with a Dacron tie. (E) No matter 
how the proximal anastomosis is accomplished, the distal spool is inserted and secured with Dacron tape. (F) The aortic wall is closed over the as- 
cending aortic graft. 
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Fig 4. (A) An aortic arch aneurysm. (B) Two sutureless devices are joined together by removing adjoining rings and suturing the free ends to- 
gether, thus leaving intact rings on either side. An island of tissue incorporating the arch vessels is anastomosed to the elongated graft. Time is 
saved by rapidly fixing the proximal and distal spools within the ascending and descending aorta. 


the rings of each sutureless graft can be inserted. The 
latter technique allows the surgeon to elongate the in- 
traluminal prosthesis as needed. In either case, an island 
of aortic tissue giving rise to the major vessels is anasto- 
mosed to the graft material, and the proximal and distal 
rings are secured using a single umbilical tape on each 
end. If the proximal graft must be tailored to incorporate 
the aortic wall tear or to include an aortic valve, the 
proximal ring is removed, and the distal ring alone is 
used. 


Results 


Intraoperative complications were uniformly related to 
hemodynamic compromise before operation. The mean 
aortic cross-clamp time was 35 minutes in uncomplicated 
sutureless ring graft placements. Procedures involving 
insertion of composite aortic valve-ring graft prostheses 
often required less than one hour of aortic clamping, 
although some combined procedures took longer. 

There were four surgical deaths (10%) among patients 
undergoing replacement of the ascending aorta, all of 
which occurred within the first 24 hours after operation. 
Three of these deaths involved hemodynamically unsta- 
ble patients who had emergency operations and intraop- 
erative cardiac arrest. The other death occurred when 
ventricular failure developed in a patient with a chronic 


ascending aortic aneurysm who underwent concomitant 
aortic valve replacement. Three early deaths (37%) oc- 
curred in hemodynamically unstable patients undergoing 
emergency aortic arch replacement. One operative death 
(4%) was identified among the 24 patients (62%) requiring 
replacement of an ascending aortic aneurysm. Seventeen 
patients underwent operation to repair an acute or 
chronic ascending aortic dissection; three operative 
deaths occurred (18%). None of the deaths resulted from 
graft dysfunction. 

Nonfatal early complications included individual cases 
of transient ischemic attack, wound infection, phrenic 
nerve palsy, acute tubular necrosis, and chest wall bleed- 
ing, which necessitated reoperation. All of these diffi- 
culties resolved without sequelae or morbidity. There was 
no evidence of graft dislodgement, graft infection, aortic 
bleeding, or pseudoaneurysm formation in the postoper- 
ative period. One patient with Marfan’s syndrome re- 
quired reoperation 18 days postoperatively to repair an 
acute dissection in the descending aorta that had not been 
present at the initial procedure. 

At this time, 35 patients (73%) are still alive, with an 
actuarial 5-year survival rate of 64%. The leading causes of 
late death were arrhythmias and myocardial infarction. 
Randomly selected patients were followed with digital 
subtraction angiography, computed tomography, or mag- 
netic resonance imaging and showed no evidence of graft 
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migration, erosion, or thrombosis. In several patients, 
serum hemoglobin levels were checked at various inter- 
vals up to 4 years after insertion of a sutureless device. No 
hemolysis was evident from these studies. At autopsy, 
the aortic tissue adjacent to the spools was densely fibrotic 
and sometimes was completely replaced with fibrous 
tissue. No pseudoaneurysms have been identified. The 
grafts have remained intact without evidence of kinking 
or dislodgement. 


Comment 


Since Abbé [7] first used a thin vitrilline hourglass- shaped 
tube to repair severed femoral vessels in 1894, vascular 
surgeons have been interested in using a sutureless pros- 
thesis to repair diseases of the aorta surgically. Because of 
the risks of prolonged ischemia during replacement of the 
aorta and because sutured anastomoses can be difficult 
when the aorta is soft and friable, a sutureless method was 
appealing. By 1912, Carrel [8] had attempted “intubation” of 
the aorta with. metallic tubes. However, it was not until a 
decade ago that our group [9, 10] and others [11, 12] 
reported success using variations of intraluminal devices. 
Our results using sutureless intraluminal devices in the 
ascending aorta are comparable with those reported with 
use of conventional sutured anastomoses. The mortality rate 
for ascending aortic aneurysms is reported to be 5% to 13% 
[1, 13], and that for ascending aortic dissections is 8% to 
27%, depending on the acuteness of the aortic wall tear [14]. 
Bleeding complications, which have necessitated reop- 
eration in-11% of patients in past studies [1], did not cause 
serious problems for our patients. Pseudoaneurysm for- 
mation, another potentially devastating complication, 
also was not identified in this study. Avoiding anastomo- 
ses with friable, diseased aortic tissue provided for these 
results. In addition, the operations were completed 
quickly owing to the ease with which the ring grafts can 
be inserted. Even if the encountered pathology required a 
proximal sutured anastomosis, time was saved by using a 
spool instead of sutured distal anastomosis. Partly as a 
result of these advantages, postoperative complications 
were reduced, and none of the patients who survived the 
initial 24-hour postoperative period died in the hospital. 
Three possible complications may occur with insertion 
of a sutureless intraluminal prosthesis: (1) thrombosis or 
embolism, (2) hemorrhage or pseudoaneurysm develop- 
ment due to erosion of the wall of the aorta, and (3) 
migration of the prosthesis due to insufficient fixation. 
None of these complications has occurred in the 104- 
month follow-up of the patients in this study. Several 
technical developments provide for these results. We use 
a woven Dacron graft on surfaces exposed to blood to 
induce an adherent neointima and minimize the possibil- 
ity of a thromboembolism. The graft also is preclotted by 
autoclaving in the patient’s plasma for three minutes. The 
outer surface of the spools is lined with Dacron cloth, 
which induces sufficient scarring to hold the prosthesis in 
place [15]. Finally, the broad design of the spool and the 
vascular nature of the aortic wall make erosion after tying 
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of the spool unlikely. This complication has never oc- 
curred im our patients. 

Surgeons without experience with the sutureless in- 
traluminal devices often use too wide or too long a graft 
for the involved aorta. Reduction of the aortic lumen by 
up to 70% produces no increase in intravascular hemoly- 
sis and creates no flow-related insufficiencies. For this 
reason, when selecting graft diameter, error on the side of 
a smaller graft is warranted. We size the ascending aortic 
lumen with valve obturators and choose a graft diameter 
that fits comfortably within the proposed vessel. In our 
experience, a 24-mm diameter graft is used most often; 
infrequently, we use devices 22 and 26 mm in diameter. 

Use of too long a graft results in kinking, with serious 
hemodynamic complications. The Dacron grafts stretch 
30% after intraaortic insertion; therefore, a graft length 
that is skorter than the diseased aortic segment should be 
selected.. Again, too little graft is better than too much. If 
a composite PTFE device is used, the PTFE can be fixed to 
the ring after insertion, when a more precise determina- 
tion of the optimal graft length has been made. 

Incorrect placement of fixation ligatures on the spools is 
a final danger encountered during the learning process. 
We routimely place two ties on the spools and sometimes 
apply a -hird tie on the graft material itself between the 
spools tc prevent blood leakage through the graft-spool 
interface. When stabilizing the spool, care must be taken 
to ensure that the posterior surface of the spool is in 
contact with the tie before tension is applied on the 
ligature. This avoids dislodgement of the device and 
prevents inadvertent injury to the aortic wall by the 
shearing force of the ligature pulling the aortic back wall 
over the spool. 

Although sutureless intraluminal devices are especially 
useful in aortic dissections, we now are using these grafts 
routinely in aortic aneurysms and infected aortitis [16]. 
The advantages over sutured anastomoses are not as 
great; hcwever, the reduction in operative time warrants 
use of a sutureless graft in these situations, especially u 
the patient's condition is unstable. 
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This study was undertaken to determine whether sub- 
strate enhancement with L-glutamate during periods of 
cold storage would improve ventricular function in trans- 
planted hearts. Thirty-one rabbit hearts were rapidly 
excised and perfused with Krebs-Henseleit buffer (37°C) 
on a Langendorff apparatus. They were arrested with 
hypothermic (4°C), crystalloid, potassium (25 mEq/L) 
cardioplegia and stored at 3°C for three hours, followed 
by reperfusion with Krebs-Henseleit buffer for one hour. 
Hearts were treated in one of several ways: Group 1 (n = 
8) did not receive any L-glutamate and served as controls; 
group 2 (n = 8) had L-glutamate (4 mmol/L) added to both 
the cardioplegic and reperfusate solutions; group 3 (n = 
5) received L-glutamate only before ischemia; group 4 (n 


he paucity of available donor hearts and time re- 
straints on storage and preservation have become 
major limiting factors in heart transplantation. It is there- 
fore imperative that donor hearts have maximal myocar- 
dial protection during the periods of harvesting, cold 
storage, and subsequent reperfusion. Despite substantial 
improvements in methods of cold storage, current tech- 
niques may still result in depressed ventricular function 
[1]. Even in hearts with good hemodynamic function after 
three hours of cold storage, electron microscopic studies 
have showed cellular injury evidenced by significant 
mitochondrial and nuclear swelling on reperfusion [2]. 
Substrate enhancement with the amino acid L- 
glutamate minimizes ischemic damage when L-glutamate 
is added to both cardioplegia and reperfusate solutions 
after periods of ischemic arrest [3-6]. The protective 
effects of -glutamate appear to arise from its ability to 
enter into transaminase reactions to form key Krebs cycle 
intermediates that are depleted during ischemia [7-10]. 
This study was therefore undertaken to determine 
whether substrate enhancement with L-glutamate during 
periods of cold storage would improve ventricular func- 
tion in transplanted hearts. In addition, we sought to 
determine the specific time period (before ischemia, cold 
storage, or reperfusion) during which administration of 
L-glutamate would be most effective. : 
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= 5) received t-glutamate only in the cardioplegic solu- 
tion; and group 5 (n = 5) received L-glutamate only in the 
reperfusa-e. Hearts receiving L-glutamate in the reperfu- 
sate with or without its addition to the cardioplegic 
solution (groups 2 and 5) had the best recovery of the first 
derivative of positive and negative change in left ventric- 
ular peak systolic pressure and no significant changes in 
left ventricular compliance. Pretreatment with L- 
glutamate alone (group 3) resulted in no better recovery 
than in group 1 hearts. We conclude that addition of 
L-glutamate to reperfusate solutions after periods of cold 
storage for transplantation enhances the recovery of 
ventricular function. 

(Ann Thorac Surg 1990;50:80-5) 


Material and Methods 


Preparation 

Thirty-one adult New Zealand rabbits (2 to 3 kg) were 
anesthetized with intravenous nembutal (50 mg/kg). Their 
hearts were rapidly excised, and the aortas were perfused 
with Krebs-Henseleit buffer supplemented with glucose 
(5 mmol/L) on a Langendorff apparatus gassed with 95% 
O, and E% CO, with a pH of 7.4 at 37°C. The buffer was 
double-iiltered through a 20-~m microfilter (Cobe Labo- 
ratories, Lakewood, CO) and a 1-um glass microfilter 
(Whatman GF/A, Maidstone, England). All hearts were 
perfusec. at a mean aortic pressure of 75 mm Hg. Left 
ventricu_ar temperature was monitored with a thermistor 
probe, znd the temperature of the perfusate was mea- 
sured with an NTM-100 digital thermometer (Wilton 
Webster Laboratory, Altadena, CA). The right and left 
ventricles were vented. The left atrium was incised, and a 
latex double-lumen balloon catheter was-inserted into the 
left veniricle. One lumen was used for measuring left 
ventricular (LV) peak systolic pressure as well as its first 
derivative (dP/dt). The other lumen was used to infuse 
saline so that LV volume could be varied. 


Measurzments and Data Analysis 


Variables of systolic function were measured using the 
intraventricular balloon after a 30-minute period of stabi- 
lization on the Langendorff apparatus. Aliquots of saline 
solution. were injected into the LV balloon, and peak 
positive and negative dP/dt and peak systolic pressure 
were measured at varying balloon volumes. Developed 
pressure (DP) was calculated by subtracting left ventricu- 
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Table 1. Recovery of Left Ventricular Performance, Compliance, and Coronary Flow" 


Variable 1 2 
EDP (mm Hg; pre-vs 31 +3vs45+6° 29+4vs33+3 
postischemia) 
DP (% recovery) 66+3 7244 
+dP/dt (% recovery) 66 + 88 + 5° 
—dP/dt (% recovery) 79 +6 90 + 10 
Coronary flow (mL/min)? 
Preischemia 63 +3 5445 
Postischemia 41 + 3° 50 + 4 


* Values are calculated at a balloon volume of 0.8 mL and expressed as mean + standard error. 
d Mean aortic pressure = 75 mm Hg. 


values. © Significance: p < 0.05 versus group 1. 


DP = developed pressure; 


lar end-diastolic pressure (LVEDP) from peak systolic 
pressure. Developed pressure and peak positive and 
negative dP/dt were measured at increasing balloon vol- 
umes during preischemic and postischemic periods and 
then averaged for each experimental group. The data 
were expressed in both absolute numbers and as the 
percentage of recovery from preischemic values at a 
balloon volume of 0.8 mL. 

Left ventricular compliance was assessed by measuring 
LVEDP at varying balloon volumes. A pressure-volume 
curve was constructed. Left ventricular end-diastolic pres- 
sure was recorded for both preischemic and postischemic 
periods and then averaged for each experimental group. 

Coronary flow was measured from the right ventricular 
vent at a mean aortic pressure of 75 mm Hg over two 
successive one-minute periods: Flow measurements were 
made during the preischemic and postischemic periods 
with the heart in the beating empty state and then 
averaged for each experimental group. 

All data are expressed as the mean + standard error of 
the mean. Statistical evaluation between preischemic and 
postischemic measurements within each group was per- 
formed with paired Student’s t test. Differences among 
the various groups were assessed using tests of analysis of 
variance in consultation with the Department of Biostatis- 
tics at the Boston University School of Medicine. Differ- 
ences were considered significant at the p < 0.05 level. 

All animals received humane care in compliance with 
the “Principles of Laboratory Animal Care” formulated by 
the National Society for Medical Research and the “Guide 
for the Care and Use of Laboratory Animals” prepared by 
the National Academy of Sciences and published by the 
National Institutes of Health (NIH publication No. 85-23, 
revised 1985). 


Experimental Groups and Protocols 


After control measurements were made of LVEDP, DP, 
+dP/dt, -dP/dt and coronary flow, all hearts were ar- 
rested with a single dose (5 mL/kg) of hypothermic (4°C), 
crystalloid, potassium (25 mEq/L) cardioplegia and rap- 
idly placed in a water-jacketed organ bath immersed in 


dP/dt = first derivative of left ventricular pressure; 


Group 
3 4 5 


39+7vs53+6> 364 11vs63+7> 36+ 10vs4i+1 


65+4 77 +6 8] + 2° 
71+ 8 80 +5 95 + 5° 
62 +4 90 + 6 95 +6 
5643 55 +5 59 +5 
45 + 5 41 + 3> 51 +3 


> Significance: p < 0.05 versus preischemic 


EDP = end-diastolic pressure. 


iced saline solution and stored at 3°C for three hours. Just 
before they were rewarmed, a second dose of hypother- 
mic cardioplegia was administered (5 mL/kg). All hearts 
were then reperfused with Krebs-Henseleit solution 
(37°C) for one hour on the Langendorff apparatus, at 
which time postischemic measurements were made. 

Hearts were treated in one of several ways. Group 1 (n 
= 8) hearts did not receive any L-glutamate and served as 
controls. For group 2 (n = 8) hearts, t-glutamate (4 
mmol/L) was added to both the cardioplegic solution and 
the Krebs-Henseleit reperfusate solution. Group 3 (n = 5) 
hearts were pretreated with -glutamate (4 mmol/L) by 
adding the amino acid to the Krebs-Henseleit solution and 
perfusing the hearts for 30 minutes before cold storage. 
They received no L-glutamate in either the cardioplegic or 
reperfusate solutions. Group 4 (n = 5) hearts received 
L-glutamate (4 mmol/L) only in the cardioplegic solution. 
Group 5 (n = 5) hearts received L-glutamate (4 mmol/L) 
only in the reperfusate. 


Results 
Results are summarized in Table 1 and Figures 1 through 4. 


Effects of Cold Storage in Hearts Without t-Glutamate 
(Group 1) 

Hearts that did not receive t-glutamate in either the 
cardioplegic or reperfusate solutions showed significant 
depression in postischemic DP (103 + 7 versus 67 + 4mm 
Hg at LV volume = 0.8 mL; p < 0.02; Fig 2), +dP/dt (17 + 
1 versus 11 + 1 x 10° mm Hg at LV volume = 0.8 mL; p 
< 0.05; Fig 3) and —dP/dt (10 + 1 versus 7 + 1 x 10? mm 
Hg at LV volume = 0.8 mL; p < 0.05; Fig 4). Pressure- 
volume curves in the postischemic hearts showed a 
higher LVEDP at any given LV volume (31 + 3 versus 45 
+ 6mm Hg at LV volume = 0.8 mL; p < 0.05; Table 1; Fig 
1) demonstrating a decrease in LV compliance. Coronary 
flow was also significantly decreased in postischernic 
hearts (63 + 3 versus 41 + 3 mL/min; p < 0.05; Table 1). 
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Fig 1. Left ventricular compliance. (A) Hearts 1 
that did not receive L-glutamate in the reperfu- awe ath Soups Group 4 Group 3 
sate solution (ġroups 1, 3, and 4) showed sig- 7 
nificant changes i in their postischemic pres- 
sure-volume curves. (B) Pretreatment with 400 
L- glutamate (group 3) failed to prevent o Ha schemia 
changes in the postischemic pressure-volume 5 oe Glutamate +f. 
relationship. (LV = left ventricular; LVEDP — 80 *p<05 
= left ventricular end-diastolic pressure.) = 
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Effects of Adding t-Glutamate to Both Cardioplegic and 
Reperfusate Solutions (Group 2) 

Hearts that received L-glutamate in both the cardioplegic 
and reperfusate solutions showed significantly better re- 
covery of +dP/dt than group 1 hearts (88 + 5 versus 66 + 
5; p < 0.05; Table 1; Fig 3). Although recovery of —dP/dt 
was greater than that of group 1 hearts'(90% + 10% versus 
79% + 6%; Table 1; Fig 4), it did not reach statistical 
significance with analysis of variance. Reccvery of DP was 
unchanged from group 1 hearts (72% +.4% versus 66% + 
3%; not significant [NS]; Table 1; Fig 2). No changes were 
observed in the postischemic pressure-volume curves, 
however, demonstrating complete recovery of LV compli- 


Fig 2. Developed pressure. (A) 
Hearts receiving L-glutamate only in 
the reperfusate (group 5) had the best 
recovery of developed pressure. (LV 200- 
= left ventricular; DP = developed 
pressure.) - 


Group 1 
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ance (29 + 4 versus 33 + 3 mm Hg at LV volume = 0.8 mL; 
NS; Table 1; Fig 1). Coronary flow remained unchanged 
during postischemic measurements (54 + 5 versus 50 + 4 
mL/min; NS; Table 1). ; 


Effects of Pretreatment with L-Glutamate (Group 3) 


During the preischemic period, hearts perfused with 
L-glutamate-enriched Krebs solution showed no change 
in DP, +cP/dt, —dP/dt, and LVEDP-LV volume curves 
(Figs 1-4). As compared with group 1 hearts, pretreat- 
ment with L-glutamate did not improve recovery of post- 
ischemic CP (65% + 4% versus 66% + 3%; NS; Table 1; Fig 
2), + dP/dt (71% + 8% versus: 66% + 5%; NS; Table 1; Fig 
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3) or — dP/dt (62% + 4% versus 79% + 6%; NS; Table 1; Fig 
4). Postischemic LVEDP-LV. volume curves were signifi- 
cantly shifted to the left (LVEDP = 39 + 7 versus 53 + 6 
tim Hg at LV volume = 0.8 mL; p < 0.05; Table 1; Fig 1), 
demonstrating a decrease in LV compliance. Coronary 
flow was significantly decreased (56 + 3 versus 45 + 5 
mL/min; p < 0.05; Table 1). 


Effects of Adding i-Glutamate to the Cardioplégic 
Solution Only (Group 4) 

Hearts receiving L-glutamate only in the cardioplegic 
solution showed less protection from ischemic damage 


Group 2 
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Fig 3. +dPfdt: (A) The absence of L-glutamate 
in the reperfusate (groups 1, 3, 4) resulted in 
less recovery of postischemic contractility 
(+dP/dt). (LV = left ventricular.) 


Group 5 


04 081.0 0408 1.2 04 08 1.2 


than hearts receiving L-glutamate in the reperfusate but 
recovered better than group 1 and group 3 hearts. Al- 
though DP (77% + 6% recovery), +dP/dt (80% + 5% 
recovery), and -dP/dt (90% + 6% recovery) showed 
better recovery than in group 1 hearts, this did not reach 
statistical significarice by analysis of variance (Table 1; Figs 
2-4). The absence of L-glutamate in thè reperfusate failed 
to protect these hearts from alterations in LV compliance 
(LVEDP, 36 + 11 versus 63 + 7.mm Hg at LV volume = 
0.8 mL; p < 0.05; Table 1; Fig 1) and significant reductions 
in coronary flow (55 + 5 versus 41 + 3 mL/min; p < 0.05; 
Table 1). 


Fig 4. —dPldt: (A) Absence of 1- 
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Effects of Adding .-Glutamate to Only the Reperfusate 
Solution (Group 5) . 

Addition of L-glutamate to only the reperfusate solution 
resulted in superior recovery of all variables of LV func- 
tion. Recovery of DP (81% + 2%), +dP;dt (95% + 5%), 
and —dP/dt (95% + 6%) was more complete than that of 
groups 1 through 4 (Table 1; Figs 2 through 4). Postisch- 
emic LVEDP-LV volume curves returned toward preisch- 
emic levels (LVEDP, 36 + 10 versus 41 + 12 mm Hg at LV 
volume = 0.8 mL; NS; Table 1; Fig 1), and there was no 
significant change in coronary flow (59 + 5 versus 51 + 3 
mL/min; NS; Table 1). 


Comment 


The superior recovery of myocardial function in L- 
glutamate-treated hearts after periods of cold storage is 
consistent with results of previous studies that demon- 
strated the beneficial effects of this emino acid after 
periods of ischemic arrest (3, 4, 6, 11, 12]. Dog hearts 
receiving a blood reperfusate including t-glutamate after 
15 minutes of normothermic ischemic arrest had higher 
oxygen uptakes, more complete recovery of adenosine 
triphosphate, greater recovery of + dP/dt and —dP/dt, and 
the best recovery of compliance and stroke work index [3]. 
In both experimental and clinical studies, L-glutamate- 
enriched cardioplegic solutions resulted in superior recov- 
ery of adenosine triphosphate, stroke work index, and 
compliance [4, 6]. 

L-Glutamate is the only amino acid extracted by the 
normal myocardium. Together with L-aspartate, it has 
been shown to decrease significantly during periods of 
ischemia and anoxia [5, 13, 14]. Further evidence of 
L-glutamate’s importance during ischemia was observed 


in clinical studies showing that hearts of patients with’ 


coronary artery disease extracted more L-glutamate than 
did hearts of individuals with normal’ coronary arteries 
[15]. During periods of ischemia, key Krebs cycle inter- 
mediates such as succinic acid may be depleted from the 
myocardium, leading to derangements in mitochondrial 
metabolism and adenosine triphosphate production [7]. 
Previous studies have shown that anoxia stimulates the 
metabolic conversion of L-glutamate to succinate [14, 16]. 
This conversion is the result of deamination reactions that 
transform L-glutamate to L-ketoglutarate, which contin- 
ues in the Krebs cycle to form succinate. Further support 
of the transamination hypothesis comes from studies 
showing that the protective effect of L-glutamate can be 
` blocked by adding aminooxyacetic acid, ari inhibitor of 
mitochondrial transaminases [7-10, 12]. 

The current method of myocardial protection used by 
most transplant centers is single cold cardioplegic arrest 
followed by cold storage in a canister filled with sterile 
saline solution at 3° to 4°C [17]. Group 1 data in our study 
show that this technique can still result in significant 
depression of LV contractility and compliance (Table 1; 
Figs 1-4). The most optimal protection of LV systolic and 
diastolic function was achieved when t-glutamate was a 
component of the reperfusate solution (groups 2 and 5). 
When L-glutamate was a component of only the car- 
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dioplegic solution, variables of contractility (+dP/dt) and 
relaxatior (—dP/dt) were preserved, but compliance was 
altered and coronary flow was decreased. Our study also 
shows that pretreatment with L-glutamate failed to pro- 
tect the transplanted heart against ischemic injury, which 
suggests that treatment with L-glutamate is most crucial 
during the reperfusion period when key Krebs cycle 
intermediates may have been depleted during ischemia. 

Because of limitations in existing cold storage tech- 
niques, more complicated perfusion devices have been 
studied -o transport donor hearts [18]. Because cold 
storage is a far simpler technique, any intervention that 
may improve and prolong its protection will enhance its 
clinical applicability. Our future studies will try to deter- 
mine whether L-glutamate, alone or in combination with 
other agents, can prolong the safe limits for cold storage 
techniqu2s used in cardiac transplantation. 
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Notice From the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery began its re- 
certification process in 1984. Diplomates interested in 
participating in this examination should maintain a doc- 
umented list of the operations they performed during the 
year prior to application for recertification. They should 
also keep a record of their attendance at thoracic surgical 
meetings, and other continuing medical education activi- 
ties, for the 2 years prior to application. A minimum of 100 
hours of approved CME activity is required. 

In place of a cognitive examination, candidates for 
recertification will be required to complete both the gen- 
eral thoracic and cardiac portions of the SESATS III 
syllabus (Self-Educatior/Self-Assessment in Thoracic Sur- 
gery). It is not necessary for candidates to purchase 
SESATS III booklets prior to applying for recertification. 


SESATS III booklets will be forwarded to candidates after 
their applications have been accepted. 

Diplomates whose 10-year certificates will expire in 
1992 may begin the recertification process in 1990. This 
new certificate will be dated 10 years from the time of 
expiration of the original certificate. Recertification is 
also open to any diplomate with an unlimited certificate 
and will in no way affect the validity of the original 
certificate. . 

The deadline for submission of applications is July 1, 
1990. A recertification brochure outlining the rules and 
requirements for recertification in thoracic surgery is 
available upon request from the American Board of Tho- 
racic Surgery, One Rotary Center, Suite 803, Evanston, IL 
60201. 


Prophylactic Digitalization for Thoracotomy: 


A Reassessment 


A. J. Ritchie, FRCS(I), P. Bowe, FRCS(I), and J. R. P. Gibbons, FRCS(I) 


Department of Cardiothoracic Surgery, Royal Victoria Hospital, Belfast, Norther Ireland 


A prospective, controlled, randomized clinical study of 
140 patients undergoing elective thoracic operations over 
a period of 1 year in a regional referral unit was per- 
formed in which one group received digoxin and the 
other did not. The incidence of cardiac arrhythmia was 
compared in each group. Overall mortality was 5.7%. 


ardiac arrhythmias were first noted to be associated 
with surgical procedures in 1920 when digitalis was 
suggested as a treatment of choice [1]. This was followed 
by later reports indicating a specific and significant asso- 
ciation of cardiac arrhythmia with thoracic surgical proce- 
dures [2-4], particularly in older persons [5]. Digitalis was 
discovered and first used successfully by William Wither- 
ing more than 200 years ago. Its use fell into disrepute but 
became reestablished in the treatment of heart failure 
associated with atrial fibrillation in 1911 [6]. Development 
of atrial fibrillation and flutter with hear: failure postop- 
eratively were the most common cardiac complications of 
thoracic operations, leading to the suggesiion that digoxin 
was indicated prophylactically [7]. Reports [8-10] on the 
effectiveness of prophylactic digoxin to control atrial fibril- 
lation and other supraventricular tachyarrhythmias have 
been contradictory. The etiology of this complication is 
still not clearly understood, although several factors are 
likely to be involved [9]. The role of digitalis itself has 
come under review with increased awareness of toxicity, 
poor correlation between serum levels and efficacy, the 
potential of the drug itself to induce arrhythmias, and the 
availability of safer alternatives [10, 11]. This led us to 
reevaluate the prophylactic role of digitalis in a select 
group of patients. 


Material and Methods 


This prospective, controlled, randomized clinical study 
comprised 140 consecutive patients who underwent elec- 
tive thoracotomy. Preoperative assessment included pul- 
monary function tests, electrocardiography (ECG), and 
arterial blood gas sampling. Patients were allocated either 
to receive digitalis preoperatively or not. A standard 
regimen of 500 ug at 6:00 PM and 10:00 Pm the night before 
operation, followed by 250 ug with premedication, was 
administered. Postoperatively, 250 ug was administered 
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M 100 We Tha Caciahr af Tharacie Gurdcanne 


There was no significant difference in incidence of car- 
diac arrhythmia in each group, and we conclude that the 
prophylactic use of digoxin in elective thoracic opera- 
tions should be revised. 


(Ann Thorac Surg 1990;50:86-8) 


daily for $ days. Serum digoxin levels were measured by ` 
radioimmunoassay 6 hours after the oral dose on days 1, 
3, and 5 postoperatively using the standard Amerlex kit 
(Amersham Int. Chemical Ltd, Amersham, England) (ref- 
erence range, 1 to 2 ug/L), and dosage was adjusted 
accordingly. For ethical reasons, this was not a blind trial. 
One of us participated in each procedure to record details 
and assess the patients. 

Constant-screen monitoring by ECG was chosen in 
preference to computerized long-term ECG, as this allows 


_ analysis cf other factors such as hypoxia and hypokalemia 


to be ass2ssed at the onset of arrhythmia, whereas the 
latter does not. Monitoring was commenced at the time of 
anesthetic induction and continued for at least 4 days. 
After 4 days, serial 12-lead ECG was performed on alter- 
nate days. We analyzed the electrocardiograms, which 
were confirmed blindly by a cardiologist. Serum K* and 
arterial Ehood gas estimations were performed at the onset 
of arrhythmias, which were treated as considered appro- 
priate with full knowledge of existing drug therapy. Of 22 
patients with documented myocardial disease, 14 re- 
ceived digoxin preoperatively. 

Limitations of this study include use of a standard dose 
of digoxin unrelated to individual body surface area. As 
88.5% of patients who received digoxin were within a 
serum digoxin level regarded as nontoxic and as the 
incidence of arrhythmias possibly related to toxicity were 
not significantly different for each group, we believe this 
to be an acceptable method in view of previous reports on 
the poor correlation between serum levels and efficacy 
[11-14]. Of all arrhythmias occurring in the digoxin 
group, 7% would not have been expected to be prevented 
by or related to digoxin therapy. Statistical analysis was 
by x° using Yates’ correction when appropriate. 


Results 


One patient died as the result of arrhythmia 4 days 
postoperatively. She had an uncomplicated upper lobec- 
tomy for benign disease and had cardiac arrest in asystole. 
Overall mortality was 5.7%. Patients were placed in one of 
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Table 1. Number of Patients in Each Group, Number of Patients Receiving Digoxin, and Incidence of Arrhythmia” 


Pneumonectomy Lobectomy 
Variable D ND D ND 
Average age 65 60 59 64 
No. of patients 11 8 23 31 
Arrhythmia 
Number 7 5 11 11 
Percentage 63 62 48 35 


a p > 0.5 using Yates’ correction. 
D = digoxin given; ND = no digoxin given. 

six groups: pneumonectomy, lobectomy, esophagogas- 
trectomy, thoracotomy alone, hiatal hernia, or other, 
which includes patients undergoing anterior thoracctomy 
and biopsy, drainage of empyema, mediastinosccpy, tho- 
racotomy with pleurectomy, stapling of bullae, and 
Heller's myotomy. 

Of patients who received digoxin, 4% had digoxin 
levels below and 11.5% above the therapeutic range of 
serum digoxin at operation. Table 1 shows the patients in 
each group, the numbers of patients who received dig- 
oxin, and the incidence of arrhythmia. Ten patier-ts in the 
hiatus hernia group did not have arrhythmia and have not 
been included in Tables 1 through 3, but this suggests that 
thoracotomy alone does not induce arrhythmia. The over- 
all incidence of arrhythmia and, in particular, arrhythmias 
that may have been expected to have been prevented or 
related to digoxin therapy is 37%, with 41% in the group 
that received digoxin and 34% in the group that did not. 
Table 2 shows the forms of arrhythmia. As expected, atrial 
fibrillation accounts for almost 50% and arrhythmias re- 
lated to digoxin therapy account for another 30%. Ten 
patients in the group that received digoxin and 12 in the 
group that did not required active intervention to treat 
their arrhythmias (p > 0.5). Only 6 patients with atrial 
fibrillation (12.5%) required treatment as opposed to all 
patients with supraventricular tachycardia and bradyar- 
rythmias. In 2 patients, onset of arrhythmia could be 
related to hypoxia; in none could it be related to serum K* 
levels. The time of onset of arrhythmias was -arbitrarily 
divided into less than 24 hours or more than 24 hours 


Table 2. Incidence of Arrhythmia 


Arrhythmia D ND Percentage 
Atrial fibrillation 15 10 48 
Atrial flutter 3 5 15 
Supraventricular tachycardia 2 1 6 
Bradyarrhythmia 4 2 12 
Bigemini 2 1 6 
Multiple ventricular ectopics 2 4 120 
Other 0 1 2 


D = digoxin given; ND = no digoxin given. 


Esophago- 

gastrectomy Open/Close , Other 
D ND D ND D NC 
66 74 77 50 62 73 
10 10 11 4 9 13 

4 2 4 2 3 4 
40 20 36 50 33 31 


postoperatively. Table 3 shows the incidente of arrhyth- 
mia in relation tọ these times for each group and suggests 
an earlier onset of arrhythmia iri the pneumonectomy 
group as opposed to other groups (<0.02) in the first 
24-hour postoperative period. Our figures clearly show 
that most arrhythmias will occur in the first 24-hour 
period and more than half will begin in the perioperative 
period. 

The average age of patients in each surgical group was 
greater than 60 years, and we could demonstrate no 
significant difference in incidence of arrhythmia between 
the group that received digoxin and the group that did net 
for patients aged less than versus greater than 60 years (v 
> 0.5). In termis of pathological process, there was nio 
difference between the two groups. Of the 6 patients in 
whom tumor was identified in the pericardium or pulmc- 
nary artery, digoxin failed to control an arrhythmia in the 
3 pneumonectomy patients to whom it was administered, 
2 of whom had intrapericardial resections. Several anes- 
thetic drugs were used in induction and maintenance of 
anesthesia. We could define no difference in incidence or 
onset of arrhythmia no matter which regimen was used. 
Of 22 patients with documented myocardial disease, 7 
had arrhythmia with no significant difference between the 


groups (p > 0.5). 
Comment 


Several etiological factors of cardiac arrhythmia as a com- 
plication of thoracic operations have been identified, but 
the role and interaction of each remains unclear; increase 


Table 3. Onset of Arrhythmias 


<24h >24h 
D ND D ND p 
Operation (%) (%) (%) (% Value 
Pneumonectomy 71 100 29 0 <0.2 
Lobectomy 64 36 36 64 >0.5 
Esophagogastrectomy 75 50 25 50 >0.5 
Open/close 50 100 50 8 >0.5 
Other ; 100 75 0 2 <0.5 








a By x? test. 


D = digoxin given; ND = no digoxin given. 
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in vagal activity and hypoxia are regarded as the most 
important factors [15]. Digoxin has been used prophylac- 
tically in an attempt to prevent or control these arrhyth- 
mias, but on an empirical basis. Limitation of the drug’s 
efficacy, particularly in older persons, has been suggested 
by several groups of investigators [11, £2, 16, 17], who 
emphasize the dangers of arrhythmogenicity [14], toxicity 
[10], and preexisting pulmonary disease [18, 19].. 

The present prospective, controlled, randomized clini- 
cal study showed no statistically significant difference in 
incidence of arrhythmia between patients who received 
digoxin prophylactically and those who did not, using a 
standardized regimen of digitalization and monitoring 
postoperatively. This result differs from those of most 
other studies that claim a decrease in arrhythmias [7-9] 
but whose interpretation is complicated by their retro- 
spective nature and' variable methods of detecting ar- 
rhythmia [3, 8], digitalizing regimens [7-9], and groups 
under study [3, 7-10]. We believe that the methods used 
in our study have allowed us to detect a higher incidence 
(37%) than previously noted and to identify the 24-hour 
postoperative period and particularly the perioperative 
period as the most likely time of onset, whereas other 
investigators have identified the second to fourth days 
[15]. By identifying this period of maximum risk, we can 
adjust our efforts to detect and control arrhythmia. 

The higher incidence of arrhythmia in patients under- 
going pneumonectomy [3, 7] has been confirmed in this 
study. Manipulation of vagal fibers at the hilum, hypoxia, 
and direct invasion by tumor are considered important. 
All anesthetic agents currently used are potentially ar- 
thythmogenic. Digoxin has been shown to protect from 
the negative inotropic effects of halothane [20] and a study 
of propofol has shown no association with arrhythmia 
[21, 22], but the higher incidence of arrhythmia in the 
perioperative and 24-hour postoperative period when 


anesthetic agents are still present is significant in pneu- . 


monectomy patients and suggests that an interaction may 
be important. Our study has shown no significant differ- 
ence in' incidence or outcome of arrhythmia in persons 
aged more than’60 years, although this may be related to 
our particular study group. The agé of the patients who 
died (69 years) was not significantly different from that of 
survivors (65 years; p > 0.5). Of patients who underwent 
esophageal operations, cardiac arrhythmias occurred only 
in those with malignancy. 

We conclude that development of arrhythmia remains a 
serious problem. We have demonstrated no significant 
benefit of prophylactic digitalization in control of arrhyth- 
mia in patients undergoing elective thoracic operations 
and suggest that its use should be revised. We suggest 
that study of etiological factors should be undertaken in 
controlled clinical studies so that prophylactic roles may 
be identified for the available alternative agents. 


Ann Thorac Surg 
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Reversibility of Pulmonary Artery Hypertension in 
Aortic Stenosis After Aortic Valve Replacement 
Gerald P. Tracy, MD, Michael S. Proctor, MA, MD, and Cathleen S. Hizny, BS 


Divisions of Cardiology and Cardiovascular Surgery, Mercy Hospital, Scranton, Pennsylvania 


Fifty-two surgical patients with isolated aortic valve 
stenosis were studied preoperatively and postoperatively 
to determine the incidence of pulmonary hypertension 
and its response to surgical intervention. Pulmonary 
artery systolic hypertension was classified as absent 
(group 1, <30 mm Hg), mild (group 2, 30 to 39 mm Hg), 
moderate (group 3, 40 to 59 mm Hg), and severe (group 4, 
>60 mm Hg). Thirty-seven of our patients (71%) had 
preoperative pulmonary hypertension. There was a pos- 
itive correlation between left ventricular end-diastolic 
pressure and both systolic and diastolic pulmonary ar- 
tery pressures preoperatively (p < 0.001). After operation 
we found a decrease in mean systolic pulmonary pres- 


he prognosis of patients with aortic stenosis and 

pulmonary hypertension without aortic valve, re- 
placement is poor [1, 2]. Studies of patients with pulmo- 
nary hypertension and isolated aortic stenosis who un- 
dergo aortic valve replacement have yielded conflicting 
results. Two studies have reported that preoperative 
pulmonary hypertension adversely affects prognosis [3, 
4]. More recent reports challenge this conclusion [2, 5]. 
The differences may arise from the postoperative pulmo- 
nary vascular response to aortic valve replacement. 

The effect of aortic valve replacement on pulmonary 
hypertension has not been well studied, though a single 
case has been reported [5]. We have, therefore, examined 
the preoperative and postoperative pulmonary artery 
pressures in a series of patients, with and without pulmo- 
nary hypertension, undergoing aortic valve replacement. 


Material and Methods 


Patient charts were retrospectively reviewed with ap- 
proval of our Institutional Review. Board. Fifty-two pa- 
tients with isolated aortic stenosis were catheterized at 
our institution from January 1986 to June 1988. Other 
patients with aortic stenosis were excluded from the study 
because of multivalvar disease, the presence of aortic 
insufficiency of more than a trace amount, or serious 
coronary artery disease. The 52 patients with isolated 
aortic stenosis underwent aortic valve replacement and 
constitute the study group. None of the patients had 
clinical right heart failure. 
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sure in group 4, from 85.8 + 23 mm Hg to 41.2 + 10.4mm 
Hg (a52% decrease, p < 0.001), and in group 3, from 48.9 
+ 5.9 mm Hg to 32.1 + 7.1 mm Hg (a 34% decrease, p < 
0.001). A significant decrease in the mean diastolic pres- 
sure was found only in group 4, in which the pressure 
decreased from 33.7 + 8.7 mm Hg to 26.0 + 7.6 mm Hg ip 
< 0.05). The operative mortality was 1.9%. Our data 
indicate that pulmonary artery hypertension in aortic 
stenosis is common, is related to end-diastolic pressure, 
and can be expected to improve in the early postoperative 
period. 


(Ann Thorac Surg 1990;50:89-93) 


Preoperative pulmonary artery pressures were obtained 
from cardiac catheterization reports. Also obtained, when 
available, were .left ventricular pressures, aortic valve 
gradients, and aortic valve areas. When available, pulmo- 
nary vascular resistance was obtained in patients with 
mild or moderate hypertension. Aortic valve area was 
calculated according to the Gorlin formula [6]. Left ven- 
triculograms, supravalvar aortograms, and coronary an- 
giograms were also reviewed. Systolic function was eval- 
uated by reviewing calculated ejection fractions and 
angiographers’ descriptions of ventriculograms. 

Postoperative pulmonary artery pressures were deter- 
mined by averaging the last three recorded pressures in 
the surgical intensive care unit before removal of the 
Swan-Ganz catheter. These pressures were obtained at an 
average of 24 hours postoperatively. At the time of 
pulmonary artery pressure determinations the patients 
were not on cardioactive drugs, afterload reducers, in- 
traaortic balloon pumps, or ventilators. Pulmonary vascu- 
lar resistance data had not been obtained postoperatively. 

Preoperative pulmonary artery systolic pressures were 
used to assign patients to one of four groups: group 1, 
normal (<30 mm Hg); group 2, mild (30 to 39 mm Hg); 
group 3, moderate (40 to 59 mm Hg); and group 4, severe 
(>60 mm Hg). . 

All patients underwent aortic valve replacement and no 
other cardiac procedures. The operations were performed 
on extracorporeal cardiopulmonary bypass with moderate 
systemic hypothermia and cold, potassium-containing 
cardioplegia. 

A x? test was used to determine if the groups differed 
with respect to sex. A one-way analysis of variance 
procedure was used to determine if there was a significant 
difference in age among the groups. Analysis of the 
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Table 1. Clinical and Hemodynamic Profile of Patients by Group 
No. of Age Male/ Aortic Valve Gradient Aortic Valve Area LVEDP 
Group Patients (yr) Female (mm Hg) (cm?) (mm Hg) 


15 65.1 + 13.0 7/8 
10 60.8 + 9.9 6/4 
16 64.1 + 7.8 11/5 


11 65 + 10.4 5/6 


86.5 + 17.5 (N = 12} 
93.5 + 28.2 (N = 10) 
78.3 + 20.7 (N = 15) 
79.3 + 25.7 (N = 11) 


0.40 + 0.14 (N = 8) 
0.47 + 0.43 (N = 8) 
0.46 + 0.19 (N = 11) 
0.27 + 0.09 (N = 8) 


12.3 + 5.1 (N = 8) 
20.9 + 8.2 (N = 10) 
22.6 + 10.4 (N = 14) 
35.3 + 11.5 (N = 11) 


wm ON pe 


Total population 52 64.1 + 10.3 29/23 


83.7 + 23.0 


0.40 + .24 23.2 + 11.8 





* Data are number of patients or mean + standard deviation. 
LVEDP = left ventricular end-diastolic pressure. 


differences in diastolic and systolic pressures preopera- 
tively and postoperatively for each group was performed 
by a matched-pair t-test. Correlation between variables 
was examined by testing the Pearson correlation coeffi- 
cient. Probability values of less than 0.05 were considered 


significant. 


Results 


Thirty-seven of our 52 patients had pulmonary hyperten- 
sion (71%). Twenty-seven patients had moderate or se- 
vere pulmonary hypertension (52%). Table 1 shows the 
distribution of patients among the groups, the number of 
male and female patients within each group, and the 
group averages for age, aortic valve gradient, aortic valve 
area, and left ventricular end-diastolic pressure. Tables 2 


> N is the number of patients for whom this data was available. 


and 3 present the detailed information available on pa- 
tients with moderate and severe pulmonary hypertension 
(groups 3 and 4). 

The average age of the patients was 64.1 years. There 
were 29 men and 23 women. There was no statistically 
significant difference among the groups with respect to 
age or sex. Aortic valve gradients ranged from 33 to 140 
mm Hg with an average of 83.7 + 23.0. mm Hg. The 
average aortic valve area was 0.40 + 0.24 cm*. The 
average left ventricular end-diastolic pressure was 23.2 + 
11.8 mm Hg. There was a significant positive correlation 
between left ventricular end-diastolic pressure and pul- 
monary artery systolic pressure (r = 0.58; p < 0.001). 
There was zlso a significant positive correlation between 
left ventricular end-diastolic pressure and pulmonary 
artery diastolic pressure (r = 0.625, p < 0.001). 


Table 2. Clinical and Hemodynamic Profile of Group 3: Aortic Stenosis and Moderate Pulmonary Hyertension 


PA Pressures PVR 


Patient Age 
No. (yr) Sex (mm Hg) (dyne « s/cm~°) 
1 67 F 46/18 670 
2 46 M 40/15 333 
3 72 M 55/20 718 
4 60 M 45/15 408 
5 69 M 49/14 337 
6 79 M 45/18 519 
7 65 F 47l... oe 
8 58 M 56/18 502 
9 66 M 56/26 ree 
10 64 F 45/12 292 
11 69 F 42/18 San 
12 59 M 46/11 408 
13 58 M 57/19 400 
14 64 M 44/18 366 
15° 72 F 59/21 748 
16 57 M 50/20 


Preop Postop PA 
AoV Gradier.t AoV Area LVEDP Pressures 
(mm Hg) (cm?) (mm Hg) (mm Hg) 

33 0.5 5 30/10 

90 Ls 20 19/8 

71 0.4 24 ` 30/22 

ba fins 22 25/14 

80 0.4 21 36/10 

80 0.5 25 36/21 

101 0.3 19 34/21 

106 S 14 35/22 

80 ssi sis -31/12 

96 0.3 33 30/11 

48 eas 26 40/22 

90 0.5 32 29/11 

74 0.5 46 24/18 

55 0.6 6 48/22 

70 0.2 24 27/24 

100 0.3 20 40/18 





* This patient died postoperatively of sepsis. 
AoV = aortic valve; LVEDP = left ventricular end-diastolic pressure; 


PA = pulmonary artery; 


PVR = pulmonary vascular resistance. 
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Table 3. Clinical and Hemodynamic Profile of Group 4: Aortic Stenosis and Severe Pulmonary Hypertension 





Patient Age PA Pressures PVR 
No (yr) Sex (mm Hg) (dyne : s/em~°*) 
1 65 F 70/19 1,478 
2 60 F 65/35 1,286 
3 63 M 105/40 1,233 
4 75 F 65/25 1,022 
5 58 F 100/50 1,837 
6 77 F 131/27 * 1,600 
7 45 F 65/42 1,543 
8 77 M 107/38 1,190 
9 78 M 91/35 1,728 
10 58 M 85/30 is 
11 61 M 60/30 761 





AoV = aortic valve; LVEDP = left ventricular end-diastolic pressure; 


The evidence on systolic function was examined in 
groups 3 and 4. In group 3 we were able to assign 13 of 16 
patients to systolic functional categories: normal, 6; mildly 
depressed, 4; and moderately depressed, 3. In group 4, 
systolic function was evaluated in 9 of 11 patients: normal, 
2; mildly depressed, 1; moderately depressed, 5; and 
markedly depressed, 1. 

Preoperative and postoperative pulmonary artery pres- 
sures are compared in Table 4. Postoperatively there was 
a slight increase in the systolic pulmonary artery pres- 
sures (not significant) and in the diastolic pulmonary 
artery pressures (p < 0.001) in the normotensive patients 
(group 1). There were no significant changes in pulmo- 
nary artery pressures in the mildly hypertensive group 
(group 2). In group 3 the systolic pulmonary artery 
pressure fell from 48.9 + 5.9 mm Hg preoperatively to 
32.1 + 7.1 mm Hg postoperatively (p < 0.001). In the same 
group the pulmonary artery diastolic pressure was re- 
duced from 17.5 + 3.8 mm Hg preoperatively to 16.3 + 5.6 
mm Hg postoperatively (not significant). In group 4 the 


Table 4. Effect of Aortic Value Replacement on Pulmonary 
Artery Pressures 





Pulmonary Artery Pressure 
Preoperative Postoperative 
Group Pressure (mm Hg) (mm Hg) p Value 
1 Systolic 24.3 + 3.9 27.1 + 6.2 0.132 
Diastolic 7.5235 15.444. <0.001 
2 Systolic 33.7 + 3.1 30.4 + 7.5 0.128 
Diastolic 14.5 + 6.2 17.5 + 2.9 0.116 
3 Systolic 48.9 + 5.9 32.1 + 7.1 <0.001 
Diastolic 17.5 + 3.8 16.3 + 5.6 0.605 
4 Systolic 85.8 + 23.0 41.2 + 10.4 <0.001 
Diastolic 33.7 + 8.7 26.0 + 7.6 <0.05 


Data are shown as mean + standard deviation 





Freop Postop PA 
AoV Gradient AoV Area LVEDP Pressures 
(mm Hg) (cm?) (mm Fig) (mm Hg) 

MA 0.4 19 53/29 

85 0.3 35 27/14 

100 0.3 45 43/39 

80 27 39/28 

80 rik 33 45/27 

115 0.17 27 49/26 

125 0.16 42 31/19 

55 0.34 35 55/32 

69 0.18 30 51/33 

55 0.3 60 27/23 

64 a Sd 33/16 


PA = pulmonary artery; PVR = pulmonary vascular resistance. 


systolic pulmonary artery pressure fell from 85.8 + 23.0 
mm Hg preoperatively to 41.2 + 10.4 mm Hg postopera- 
tively (p < 0.001). The diastolic pressure in this group 
declined from 33.7 + 8.7 mm Hg preoperatively to 26.0 + 
7.6 mm Hg postoperatively (p < 0.05). Mean preoperative 
pulmonary vascular resistance in group 3 was 475 + 158 
dyne - s/em~° (Table 2); in group 4 it was 1368 + 332 dyne 
- sem7> (Table 3). 

There was only one postoperative death for an opera- 
tive mortality of 1.9%. This patient (patient 15, Table 2) 
died of sepsis postoperatively. 


Comment 


Our evaluation of pulmonary hypertension in aortic ste- 
nosis was prompted by consideration of aortic valve 
replacement in a patient with aortic stenosis and a pul- 
monary systolic pressure of 131 mm Hg. The responses of 
several prominent cardiologists and cardiac surgeons, 
when asked about the expected fate of this pulmonary 
hypertension, were couched in such terms as “in my 
experience,” “in my opinion,” and “my bias is” pulmo- 
nary hypertension decreases after aortic valve replace- 
ment. We believed that the answer to such a potentially 
important question should not be left to mere opinion and 
conjecture, but should instead be examined in a series of 
patients and recorded in the literature. 

The finding of pulmonary hypertension in isolated 
aortic stenosis was not common in earlier studies [7, 8]. 
Recently, however, Johnson and associates [2] reported a 
50% prevalence of pulmonary hypertension in a popula- 
tion with aortic stenosis that had not undergone opera- 
tion. Our prevalence of 71% is the highest thus far 
identified. The development of pulmonary hypertension 
in patients with aortic stenosis has been attributed to a 
deterioration in left ventricular diastolic function. Johnson 
and associates [2] found a significant correlation between 
left ventricular end-diastolic pressure and pulmonary 
artery systolic pressure. We have confirmed this correla- 
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Fig 1. Changes in mean systolic and diastolic pulmonary artery pres- 
sure after aortic valve replacement in group 3. Vertical lines repre- 
sent + one standard deviation. 


tion. We have also established a significant positive cor- 
relation between left ventricular end-diastolic pressure 
and pulmonary artery diastolic pressure in isolated aortic 
stenosis. 

Our findings support the argument that deterioration in 
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Fig 2. Changes in mean systolic and diastolic pulmonary artery pres- 
sure after aortic valve replacement in group 4. Vertical lines repre- 
sent + one standard deviation. 
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left ventricular diastolic function may be involved in the 
etiology of pulmonary hypertension in aortic stenosis. 

The mild postoperative. increase in pulmonary artery 
pressures noted in the normotensive group may reflect a 
change in the patient's volume status. In light of this mild 
upward trend of pulmonary artery pressures in the nor- 
motensive patients (group 1), the dramatic fall in pulmo- 
nary pressures among the more severely hypertensive 
patients (groups 3 and 4) is all the more noteworthy. After 
aortic valve replacement there was a rapid and highly 
significant decrease in the pulmonary artery systolic pres- 
sures in groups 3 and 4. The systolic pulmonary pressures 
in group 3 fell by 34% (Fig 1), and those in group 4 fell by 
52% (Fig 2). A significant but smaller decrease in pulmo- 
nary artery diastolic pressures was noted postoperatively 
in group 4 

The previously reported patient in whom pulmonary 
artery pressures were measured before and after aortic 
valve replacement also showed a decrease in pulmonary 
artery pressures postoperatively [5]. 

The rap.d postoperative decrease in elevated pulmo- 
nary artery pressures after aortic valve replacement par- 
allels the findings in successful mitral valve operations [9]. 
The rapidi-y of the improvement suggests that pulmonary 
artery hypertension in aortic stenosis is reactive and does 
not represent fixed pulmonary hypertension due to un- 
derlying pulmonary vascular disease. This improvement 
may reflect improved left ventricular end-diastolic pres- 
sure. 

Questions remaining for future investigation include 
the effect of aortic valve replacement on pulmonary vas- 
cular resistance and left ventricular systolic function. 
Preoperative pulmonary vascular resistance was mark- 
edly elevaied in our patients with moderate and severe 
pulmonary hypertension. Left ventricular function was 
also depressed in most of these patients. We do not have 
postoperative data for comparison in these two areas. 

Our fincings indicate that in patients with aortic steno- 
sis there is a much higher incidence of pulmonary hyper- 
tension than previously reported. Our findings also sup- 
port an cptimistic prognosis for patients with aortic 
stenosis and even marked pulmonary hypertension who 
undergo aortic valve replacement. A rapid improvement 
in the syszolic and diastolic pulmonary artery pressures 
after aortic valve replacement in patients with the most 
severe levels of pulmonary hypertension can be expected 
early in the postoperative period. 


We acknowledge Marie Loftus, PhD, for assistance with statisti- 
cal analysis and Ida Foster, BS, for assistance with graphic 
presentation. 
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Feasibility of Reversible Pulmonary Artery 
Banding: Early Results and Intermediate-Term 


Follow-up 


Michael L. Epstein, MD, David Duncan, MD, Ronald J. Kanter, MD, 
Daniel J. O’Brien, RN, MN, and James A. Alexander, MD 


Departments of Pediatrics (Cardiology) arid Surgery, University of Florida Colleg> of Medicine, Gainesville, Florida 


Development of a reversible pulmonary artery band 
might obviate the need for a-second cardiac surgical 
procedure in children with some forms of congenital 
heart disease. We evaluated a segmented Silastic-coated 
Dacron mesh band 2 to 4 mm wide sewn together with 
absorbable 2-0 polydioxanone suture for use as a revers- 
ible pulmonary artery band. Nine puppies 6 to 8 weeks 
old (mean weight, 5.8 kg) underwent placement of this 
pulmonary artery band. All survived the operation with 
a mean initial systolic gradient of 6.5 + 1.6 mm Hg and 
underwent cardiac catheterization at monthly intervals 
for 3 months. Two puppies died of right ventricular 
failure. The remaining puppies underwent balloon an- 
gioplasty with balloons 20 to 25 mm in diameter. No 


ulmonary artery banding was described by Muller and 
Damman in 1952 for palliative treatment of congeni- 

tal cardiac defects with major left-to-right shunting [1, 2]. 
The procedure is used as a temporizing measure to preserve 
the option of later correction of a congenital abnormality or 
as definitive palliation [3, 4]. This. has proved to be an 
effective modality of treatment; however, there may be 
substantial morbidity and mortality associated with pulmo- 
nary artery banding and debanding [4, 5]. In addition, 
ventricular septal defects, especially in the muscular ventric- 
ular septum, can close spontaneously after pulmonary ar- 
tery banding [6]. Children in whom pulmonary artery bands 
are placed still must undergo another operation with cardio- 
pulmonary bypass to remove the bands. The ability to place 
a band the effects of which could later be eliminated non- 
surgically might decrease the morbidity and mortality asso- 
ciated with the subsequent surgical procedure. In some 
instances surgical intervention could be avoided altogether. 
The development of balloon angioplasty to dilate 
stenotic valves [7-9] and arteries [10, 11] has made avail- 
able a new technique to relieve obstruction such as that 
resulting from pulmonary artery banding. The feasibility 
of applying a band that can be dilated using the balloon 
angioplasty technique has been evaluated in animals 
[12-14]. Lindberg and colleagues [12] demonstrated suc- 
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complicaticns resulted from balloon angioplasty, but 1 
puppy died 24 hours later of unidentified causes. Balloon 
angioplasty decreased the mean gradient from 46.7 + 6.8 
mm Hg to 6.7 + 2.6mm Hg. Angiography showed an 
increase in mean diameter of the site of the pulmonary 
artery band from 5.2 + 1:0 to 10.8 + 1.7 mm Hg. There 
was no evidence of vessel injury on angiograms. Four- 
teen months after balloon angioplasty, the mean gradient 
was 22.3 + 17.0 mm Hg. Our data demonstrate that a 
functionally reversible pulmonary artery band con- 
structed of segmented Silastic-coated Dacron mesh and 
2-0 polydioxanone suture is feasible. 


(Ann Thorac Surg 1990;50:94-7) 


cessful balloon dilation of pulmonary artery bands made 
of Dacron tape secured with a 5-0 Prolene suture in dogs. 
These investigators described an immediate drop in sys- 
tolic pressure gradient but were able to provide 6-month 
follow-up deta on only a single dog. 

In another investigation [13], two different banding 
materials were used on pulmonary or systemic arteries. 
Bands of catton umbilical tape secured with 8-0 silk 
sutures were used in 11 dogs, and bands of a stainless 
steel fatigued helix encased in silicone rubber tubing were 
used in 4 dogs. Immediate relief of the systolic pressure 
gradient was achieved in each animal, but no follow-up 
was available. Using an absorbable suture (Vicryl; Ethi- 
con), Rocchini and associates [14] demonstrated success- 
ful relief of obstruction with balloon angioplasty. A recent 
abstract by the same group [15] reported that relief of 
obstruction created by the pulmonary artery band per- 
sisted for at least 6 months after balloon angioplasty. 

Although these studies are encouraging, one provides 
only short-term follow-up results and the other uses a 
technique no- usually employed in the clinical setting. We 
therefore undertook this study to evaluate the technique 
of applying a reversible pulmonary artery band made of 
overlapping segments and to obtain longer follow-up 
evaluation. 


Material and Methods 


Nine puppies 6 to 8 weeks old with a mean weight of 5.8 
kg (range, 4.1 to 7.3 kg) underwent pulmonary artery 
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Fig 1. Segmented Silastic band. Segments were attached using poly- 
dioxanone suture. 


banding. Each reversible band was constructed of Dacron 
mesh 2 to 4 mm wide coated with Silastic (Dow Corning, 
Midland, MI). Ten- to 12-mm lengths were sutured to- 
gether with overlapping ends (Fig 1). A single 2-0 poly- 
dioxanone mattress suture was placed at the junction of 
the segments. In each instance, four connected segments 
provided enough length for a satisfactory pulmonary 
artery band. 

Anesthesia was induced with thiamylal sodium and 
maintained with enflurane. All bands were placed 
through a left thoracotomy. Immediately after banding, 
measurements of right ventricular and pulmonary artery 
pressures were made by direct needle puncture. Postop- 
eratively, all puppies underwent cardiac catheterization 
using percutaneous technique at 1-month intervals for 3 
months. 

Balloon angioplasty was accomplished 3 months later 
through the femoral vein with balloons 3 to 5 cm in length 
and 20 to 25 mm in diameter (Mansfield Scientific, Inc, 
Mansfield, MA). The balloon size was determined from 
the diameter of the nonstenotic main pulmonary artery as 
measured from an angiogram made before angioplasty. A 
balloon with a diameter approximately 20% greater than 
that of the pulmonary artery was chosen. After angio- 
plasty, repeat pressure measurements were recorded 
across the band site. The animals were allowed to recover 
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Fig 2. Systolic gradient (mean + standard error of the mean) at time 
of pulmonary artery banding (PAB), time of balloon angioplasty 
(BA), and during 14 months of follow-up. 


from anesthesia and were returned to their cages. Each 
puppy underwent repeat catheterization 1 month, 6 
months, and 14 months after balloon angioplasty. None 
underwent repeat angioplasty. After the final catheteriza- 
tion, the animals were killed for gross anatomical exami- 
nation of the right ventricle, pulmonary valve, and pul- 
monary artery band site. 

All animals received humane care in compliance with 
the “Principles of Laboratory Animal Care” formulated by 
the National Society for Medical Research and the “Guide 
for the Care and Use of Laboratory Animals” prepared by 
the National Academy of Sciences and published by the 
National Institutes of Health (NIH publication No. 85-23, 
revised 1985.). 

All data are presented as the mean + the standard error 
of the mean. Means were compared using the paired t 
test, and multiple comparisons over time were analyzed 
using analysis of variance and Duncan's multiple range 
test [16]. A p value of 0.05 determined significance. All 
tests were two-sided. 


Results 


All puppies survived the operation and were found to 
have an immediate postoperative systolic gradient of 6.5 
+ 1.6 mm Hg (Fig 2). One month later, the gradient had 
increased to 23.0 + 6.6 mm Hg and the right ventricular 
systolic pressure had risen to 39.9 + 10.6 mm Hg (Fig 3). 
The gradient and the right ventricular systolic pressure 
increased progressively until they reached 46.7 + 6.8 (see 
Fig 2) and 64.7 + 5.2 mm Hg (see Fig 3), respectively, by 
the third postoperative month. 

Two animals died of right ventricular failure before 
balloon angioplasty. The remaining 7 puppies underwent 
successful angioplasty. No complications occurred with 
the dilation procedure, but 1 puppy died the day after 
successful angioplasty during which the pressure gradi- 
ent was decreased from 88 mm Hg to 15 mm Hg. 
Postmortem examination revealed no major trauma to the 
right ventricle or pulmonary artery. The cause of death in 
this animal remains undetermined. 
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Fig 3. Right ventricular systolic pressure (mean + standard error of 
the mean) throughout experimental period. Abbreviations are the same 
as in Figure 2. 


Data from the remaining 6 animals are reported here. 
Balloon angioplasty decreased the mean systolic gradient 
from 46.7 + 6.8 mm Hg to 6.7 + 2.6 mm Hg and reduced 
the mean right ventricular systolic pressure from 64.7 + 
5.2 mm Hg to 29.2 + 3.8 mm Hg (Table 1). One month 
later, the mean gradient was essentially unchanged at 7.5 
+ 5.3 mm Hg, and the. mean right ventricular systolic 
pressure was only 25.7 + 2.7 mm Hg. At 14 months after 
balloon angioplasty, the mean gradient and right ventric- 
ular systolic pressure remained significantly (p < 0.01) 
lower, although there was a trend toward increasing 
values (p = 0.01) over time. ` 

Cardiac output was not measured directly at the time of 
balloon angioplasty or during follow-up catheterizations. 
However, none of the animals exhibited signs of cardiac 
failure, and they all had normal systemic arterial pressure 
during each of.the procedures. 

By angiography, the mean diameter of the pulmonary 
artery band site was 5.2 + 1.0 mm before balloon angio- 
plasty. After that procedure, the mean diameter increased 
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to 10.8 + 1.7 mm. There was no angiographic evidence of 
injury to the pulmonary artery either during the proce- 
dure or at the-1-month catheterization after angioplasty. 

At postmortem examination, the segmented band was 
found to be encased in a fibrous capsule. Each piece of the 
band was easily removed from the capsule, and there was 
no evidence of the polydioxanone suture used to connect 
the pieces and apply the band. A fibrous ridge was noted 
on the intimal surface of the main pulmonary artery at the 
band site, but there was no evidence of tears in the artery 
or damage to the right ventricular outflow tract. 


Comment 


Physiologically, pulmonary artery banding creates an 
increase in right ventricular outflow resistance, thereby 
decreasing left-to-right shunting and pulmonary blood 
flow. This relieves congestive heart failure in some forms 
of congenital heart disease and helps protect the patierit 
from pulmonary vascular hypertension. The primary use 
of pulmonary artery banding has been in patients with 
congestive heart failure due to ventricular septal defects, 
as well as in patients with.more complicated defects such 
as transposition of the’ great arteries with ventricular 
septal defect, double-outlet right ventricle, single ventri- 
cle, and truncus arteriosus [4]. The mortality associated 
with pulmonary artery banding is reported to be between 
5% and 25% [4, 5]. Combined banding and debanding 
with corrective procedures can be associated with an 
overall mortality as high as 16% in Patients with ventric- 
ular septal defects and up to 65% in patients with more 
complex anomalies [4]. 

Removal of a pulmonary artery band is performed 
under cardiopulmonary bypass, which in most instances 
is associated with repair of the primary cardiac defect. 
Debanding usually involves a longitudinal incision along 
the pulmonary artery trunk including the band site, and a 
patch is necessary to repair the stenotic pulmonary artery. 
The mortality and morbidity associated with application 
of a pulmonary artery band and subsequent debanding 


Table 1. Results of Pressure Measurements in Growing Dogs With Pulmonary Artery Banding and Subsequent Balloon 


Right Ventricular Systolic Pressute 


easeety 
Weight (kg) 

Dog At Final Before 
No. At PAB At BA Catherization -© BA 
1 5.4 15.0 22.7 70 
2 4.1 10.9 21.8 70 
3 ' 5.4 13.2 31.8 68 
4 6.4 14.6 34.1 60 

5 7.3 16.4 34.1 60 
6 5.9 15.5 29.5 60 

Mean 5.75411 14342.0 29.0455 647+5.2 


a Data are shown + the standard error of the mean. 


BA = balloon angioplasty; PA = pulmonary artery; 


PAB = pulmonary artery banding; 


(mm Hg) RV-PA Gradient (mm Hg) 
Immediately Late After Before Immediately Later After 
After BA BA BA After BA BA 
30 25 53 5 7 
25 70 55 5 52 
25 48 50 5 33 
35 38 40 5 16 
30 38 42 10 21 
30 32 40 10 5 
29.2 + 3.8 41.8 +15.8 46.7468 6.7426 22.3 + 17.0 


RV = right ventricle. 
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and the improving expertise in cardiac surgical proce- 
dures have resulted in an increasing trend toward early 
repair of congenital cardiac defects in infants. Neverthe- 
less, a role for pulmonary artery banding remains. 

Development of balloon angioplasty as a nonsurgical 
method to relieve obstruction makes the creation of a 
reversible band an attractive therapeutic modality. Nu- 
merous reports [7-11] have described success using bal- 
loon angioplasty and valvoplasty. The earliest and most 
extensive experience involves dilation of stenctic pulmo- 
nary valves. Use of balloon angioplasty and valvoplasty, 
however, has also been extended to aortic valve stenosis 
[9], stenotic distal pulmonary arteries [10], and aortic 
coarctation [11]. 

One previous report described the use of a dissolvable 
suture to band the pulmonary artery but allow subse- 
quent balloon angioplasty. In that study by Rocchini and 
associates [14], 2-0 Vicryl suture was used in place of a 
band and resulted in a mean systolic gradient of 59 + 14 
mm Hg. Balloon angioplasty resulted in a decrease of the 
gradient to 7 + 2 mm Hg. A subsequent report by this 
group [15] indicated that the excellent relief of right 
ventricular outflow obstruction persisted at follow-up 
evaluation 6 months later. 

Our results also demonstrated persistent relief of the 
obstruction 13 to 14 months after balloon angioplasty. 
However, restenosis with systolic gradients of 33 and 52 
mm Hg developed in 2 animals. No data are currently 
available regarding the likely success of repeat angio- 
plasty at the pulmonary artery band site nor is there any 
reliable way to predict if the pressure gradients would 
continue to rise with longer-term follow-up without re- 
peat balloon angioplasty. However, we believe that be- 
cause it was successful initially, repeat balloon angio- 
plasty would likely result in subsequent relief of the 
obstruction. Furthermore, as the animals had achieved 
full adult size, worsening obstruction seems unlikely. The 
difference in results between our study and that of Me- 
liones and co-workers [15] could be due to (1) the longer 
follow-up in this report, (2) differences in balloon angio- 
plasty technique, or (3) differences between using actual 
band material versus a dissolvable suture. 

Because our pathological results indicated that the 
segments of the band were detached from each other and 
lying within a fibrous capsule, it is reasonable to assume 
that repeat balloon angioplasty could be performed, with 
perhaps better results. 

Whether an actual band is superior to a suture for 
optimal surgical intervention and subsequent balloon 
angioplasty remains to be seen. Further studies and 
clinical application with longer follow-up will be neces- 
sary to address this issue. In addition, only clinical appli- 
cation with long-term follow-up can answer the question 
whether balloon angioplasty at a pulmonary artery band 
site will obviate the need for surgical reconstruction. 

In summary, the present study supports the concept of 
pulmonary artery banding that can be relieved nonsurgi- 
cally with balloon angioplasty, thereby resulting in a 
marked reduction in gradient and right ventricular sys- 
tolic pressure along with an increase in diameter of the 
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pulmonary artery band site. Whether or not the trend 
toward increasing gradient and right ventricular systolic 
pressure recorded over the 14-month period after balloon 
angioplasty would continue can be answered by ongoing 
follow-up. Repeat balloon angioplasty may be helpful in 
alleviating stenosis in those instances in which increasing 
obstruction occurs late after the initial balloon angioplasty 
procedure. 








We acknowledge the statistical expertise of Jeffrey P. Krischer, 
PhD, the technical support of Fred Congdon, and the secretarial 
support of Debbie Floyd. 
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Morphology of Pulmonary Atresia With Intact 
Ventricular Septum in Patients Dying 


After Operation 


Henry J. C. M. van de Wal, MD, Audrey Smith, PhD, Anton E. Becker, MD, 
James L. Wilkinson, FRCP, and David I. Hamilton, FRCS 


The Royal Liverpool Children’s Hospital, Liverpool, England 


In 1976, we adopted staged surgical management of 
pulmonary atresia with intact ventricular septum: stage 1 
= establishment of a systemic to pulmonary artery shunt; 
stage 2 = open reconstruction of the right ventricular 
outflow tract and pulmonary valve; and stage 3 = closure 
of the shunt and interatrial communication. The morpho- 
logical features of nine specimens obtained from 10 
patients who died were reviewed. Special attention was 
given to features that might have influenced the poor 
surgical outcome in these patients. Survival after stage 1 
depends on adequate systemic to pulmonary artery blood 
flow, initially as a combination of ductus arteriosus and 
shunt flow, with subsequent modification if the ductus 


he infant with pulmonary atresia and intact ventricu- 
lar septum remains a challenge to clinicians [1, 2] and 
surgeons [2-4]. Only a few pathological investigations 
that have looked specifically into the anatomy as it relates 
to surgical options have been published [5, 6]. A “staged” 
surgical procedure was adopted for the operative man- 
agement of these infants at the Royal Liverpool Children’s 
Hospital in 1976. The philosophy of the approach is 
threefold. The first stage is to support the pulmonary 
circulation with a systemic to pulmonary artery shunt, 
which will also encourage the pulmonary arteries to grow. 
The second stage is to decompress the righ: ventricle by 
providing an outlet into the pulmonary circulation. This is 
achieved by reconstructing the right ventricular outflow 
tract (RVOT) and the pulmonary valve and annulus while 
the systemic to pulmonary artery shunt is maintained. It 
is hoped that growth of the right ventricle will follow. The 
third stage is to take down the systemic to pulmonary 
artery shunt and close the interatrial communication. 
For the infant to survive these procedures, certain 
criteria have to be fulfilled. For stage 1 survival, it is 
mandatory that a patent atrial communication exist and 
_ that an adequate pulmonary blood flow be established. To 
survive stage 2, it is essential that both the left ventricle 
and the mitral valve function adequately. Satisfactory 
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closes. After stage 2, survival is influenced by left ven- 
tricular function and mitral valve function. The success 
of final correction (stage 3) depends largely on the mor- 
phology of both ventricles and their atrioventricular 
valves. It appears that the behavior of the ductus arteri- 
osus and the size of the shunt are of vital importance for 
the survival of the infant. In 3 of the specimens, no right 
ventricular outflow tract was present, and in 2 others, 
short chordal attachments of the mitral valve were ob- 
served. Staged surgical correction appears to be a satis- 
factory approach if these considerations are taken into 
account. 

(Ann Thorac Surg 1990;50:98—102) 


function of the right ventricle and the tricuspid valve is 


' necessary to survive stage 3. 


With these criteria in mind, the present study was 
carried out in an attempt to evaluate which anatomical 
features might have mitigated against a successful out- 
come at any of these stages. 


Material and Methods 


Between 1976 and 1986, 45 neonates or infants underwent 
a three-stage procedure for pulmonary atresia with intact 
ventricular septum at the Royal Liverpool Children’s 
Hospital. Thirty-seven underwent a shunt operation 
(stage 1) before the age of 1 month, with seven hospital 
deaths. Stage 2 was performed in 26 patients, 22 of whom 
were less than 2 years of age. There were two hospital . 
deaths, and both patients were operated on before they 
were 9 months old. Total correction (stage 3) was per- 
formed in 7 patients, 5 of whom were less than 2 years of 
age. One infant, who was younger than 9 months old at 
the time of operation, did not survive the procedure. In 
total, 10 patients died during their hospital stay. From 
these 10 patients, nine autopsy specimens were available 
for further studies. One specimen from a neonate who 
died after a stage 1 operation was not available for 
morphological examination. 


Specimens 

Each of the nine heart specimens was routinely fixed in 
4% formaldehyde solution. The right and left ventricles 
were opened from the atrioventricular junction to the 
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ventricular apex along the acute and obtuse margins, 
respectively. Particular attention was given to the integ- 
rity of the atrioventricular valves, the endocardium, and 
the myocardial wall. Each ventricle was opened from its 
apex into its outlet portion. 


Measurements 


The diameters of the tricuspid and mitral annuli, the 
descending aorta, the pulmonary trunk, and the right and 
left pulmonary arteries were assessed by calculating the 
average of the greatest and the smallest diameters taken 
from cross sections. The tables of Rowlatt and associates 
[7] showing normal values were used as reference. 

The right ventricular inlet dimension was considered 
the distance between the internal’ apical point and the 
tricuspid valve annulus below the coronary sinus at the 
junction between the interventricular septum and the 
posterior wall of the heart. The right ventricular outlet 
was measured from the right ventricular apex to the most 
distal point in the RVOT. In heart specimens with Eb- 
stein’s anomaly of the tricuspid valve, the measurements 
were more complicated. The true right ventricular inlet 
measurement was made as described, and then the dis- 
tance between the most distal point of tricuspid valve 
displacement and the right ventricular apex was mea- 
sured. The difference between the two measurements was 
defined as the length of apical displacement. ` 

Left ventricular inlet and outlet lengths were assessed 
by measuring the distances between the internal apical 
point and the mitral valve annulus at the junction be- 
tween the interventricular septum and the posterior wall 
of the heart, and between the internal apical point and the 
nearest point of the aortic valve leaflet on the infundibular 
septum anterior to the central fibrous body, respectively. 

Myocardial wall thickness was measured at three points 
in both ventricles: immediately underneath the tricuspid 
and mitral valves, at the ventricular apex of both the right 
and left ventricles, and in the outlet portion close to the 
site of the atresia and immediately underneath the aortic 
valve. Right to left ratios were calculated according to the 
method described by Zuberbuhler and Anderson [6]. In 
specimens with Ebstein’s anomaly, the relative displace- 
ment of the tricuspid annulus was calculated as a percent- 
age of the right ventricular inlet as follows: 


(length of apical displacement/right ventricular inlet) x 
100% 


An overall index of myocardial wall thickness was calcu- 
lated as a ratio by comparing the myocardial thickness at 
the apex with the average thickness of the myocardium at 
the inlet and outlet as follows: 


thickness at apex/[(thickness at inlet + outlet)/2] x 100%. 


Results 


All specimens showed concordant atrioventricular and 
ventriculoarterial connections. The morphological find- 
ings are summarized in Table 1. 


Table 1. Morphological Observations 


Left 


Ventricular Ventricular 


Right 


Tricuspid Valve 


Abnormal 


Stenotic 


Systemic— 
Pulmonary Atrial 


Mitral 
Valve 


% Myocardial % Myocardial 


Thickness of 
Right Ventricle 


Inlet to 


Inlet to 


or 


Narrow 


Anomaly Dysplastic Annulus Imperforate 


Septal 


Artery 


Patent Ductus 


Endocardial 
‘Left Ventricle Fibroelastosis . Chordae 


' Thickness of 


Outlet 


Outlet 


Specimen Ebstein's 


No. 


Defect 


Shunt 


Arteriosus 


Ratio 


Ratio 





Stage 1 


Yes 


No No Yes Yes 


0.66 
0.59 
0.84 
0.67 
0.71 
0.67 


1.00 
1.50 
2.52 
0.80 
2.00 
0.77 


Yes Yes No 0.62 0.83 


Yes 


Yes 


Yes 


No 


No 


No 


1.00 
1.00 
1.00 
0.89 
0.95 


No No No 


Yes 


No Yes Yes Yes 


"No 


No 


0.74 


Yes Yes No 


No 
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Yes 


Yes 


Yes 


No 


No 


Yes 


No 


Yes 


Yes 


Yes 


Yes 


No 


Yes 


Yes 


No 


No 


No 


Yes 


Yes 


Yes 


No 


Yes 


0.73 


Yes No No 


No 


Stage 2 


Yes 


Yes 


No 


Yes 


No 


0.55 
0.33 


0.78 
0.52 


0.95 
0.80 


0.92 
0.73 


No Yes No 


No 


Yes 


Yes 


No 


No 


Yes 


No 


No 


Yes 


No 


Stage 3 


No 


No 


No 


Yes 


Yes 


0.67 


0.85 


0.86 


0.76 


No 


No 


Yes 


Yes 


99 





» There was virtually no cavity in this specimen. 





4 There was no right ventricular outflow tract in this specimen. 
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Stage 1 Specimens 


A patent atrial communication was found in each of the 6 
specimens. In two, a balloon atrial septostomy had been 
performed. A prominent valve of the inferior caval vein 
was present in two hearts. In all specimens, the tricuspid 
valve and mitral valve diameters were smaller than the 
mean values for normal hearts [7]. The ratio of the 
tricuspid valve diameter to the mitral valve diameter was 
smaller than expected for normal hearts. However, there 
was marked variability and an extensive overlap with 
normal values. Ebstein’s anomaly was seen in 3 speci- 
mens, with annulus displacement of 13%, 25%, and 35%. 

Right ventricular inlet, apical, and outlet portions were 
present in 3 hearts. In 2 hearts, no RVOT was found, but 
the inlet and outlet portions were partially identified. In 
one heart, the right ventricular cavity was virtually ab- 
sent. The inlet to outlet dimension ratios as an indication 
of right ventricular cavity size are provided in Table 1. 

The myocardium at the right ventricular apex was 
considerably thicker than the mean of the inlet and outlet 
because of crowding of the hypertrophic apical trabecula- 
tions. In 4 of the 6 specimens, right ventricular hypertro- 
phy was considered to be present (percentage greater 
than 1.0) (see Table 1). The pulmonary valves of the 
specimens either without a RVOT or with a diminutive 
right ventricular cavity showed marked commissural 
ridges up to the center of the valve. In three specimens 
with larger right ventricular cavities showing inlet, apical, 
and outlet components, the commissural ridges were 
present only at the periphery of the membranous pulmo- 
nary valve. 

Pulmonary blood supply was through a patent Water- 
ston shunt in all 6 specimens. The ductus arteriosus was 
patent in 5 hearts. In the heart with a closed ductus 
arteriosus, the diameter of the Waterston shunt measured 
1 mm. In one specimen, the combined diameter of the 
Waterston shunt and the patent ductus arteriosus mea- 
sured 3 mm and in two specimens, 4 mm. In the remain- 
ing two hearts, the combined diameters measured 5 and 8 
mm. No systemic to pulmonary collateral arteries origi- 
nating from the descending aorta were identified. En- 
docardial fibroelastosis of the right ventricle was present 
in two specimens. 


Stage 2 Specimens 

A patent atrial communication was found in both speci- 
mens. The tricuspid valve was very narrow in one and 
dysplastic in the other. Right ventricular cavity size ex- 
pressed as the ratio of inlet dimension to outlet dimension 
(see Table 1) or as the right to left ratio was close to 
normal. Myocardial wall thickness at the right ventricular 
apex was also nearly normal. 

As a result of RVOT reconstruction, the morphology of 
the right ventricle and the pulmonary valve could no 
longer be evaluated. In both specimens, the pulmonary 
blood supply was through a patent Waterston shunt of 2 
and 3 mm. The ductus arteriosus had closed spontane- 
ously in both hearts. There were no systemic to pulmo- 
nary collateral arteries originating from the descending 
aorta. Endocardial fibroelastosis of the right ventricle was 
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present in one specimen. The mitral valve was supported 
by short chordae in one heart. 


Stage 3 Specimen 


The 1 specimen showed Ebstein’s anomaly (10% displace- 
ment) of a dysplastic tricuspid valve. Right ventricular 
cavity size expressed as the inlet to outlet dimension ratio 
(see Table 1) and as the right to left ratio was close to 
normal. Endocardial fibroelastosis was present in the 
right ventricle. The mitral valve had short chordae tendin- 
eae. 


Comment 


Pulmonary atresia with intact ventricular septum ac- 
counts for a small percentage (1% to 3%) of all congenital 
heart malformations in most clinical series [8-10]. Most 
neonates are seen within the first few days of life with 
extreme cyanosis. Without prompt surgical intervention, 
they usually die within a short time, although survival 
into later childhood or even adulthood has been reported 
[11-13]. 

A three-stage surgical approach was used in 45 neo- 
nates or infants. There were 10 hospital deaths, and the 
hearts from 9 of these patients form the basis of this 
study. Although an autopsy study inevitably includes the 
worst end of the spectrum of such an anomaly, we think 
it can throw light on potential surgical problems and 
management. 

Table 2 shows the theoretical requirements necessary 
for a successful staged procedure in relation to the rele- 
vant pathology found after each of the three stages at 
postmortem examination. Neonates with pulmonary 
atresia and intact ventricular septum can survive only 
when a patent atrial communication is present, as this is 
the only outlet for the systemic venous return and a 
source of pulmonary blood flow through a patent ductus 
arteriosus. The atrial outlet appeared adequate in all 
patients. 

After the shunt procedure (stage 1), survival depends 
on the magnitude of the pulmonary blood supply, which 
then consists of the combined flow through the ductus 
arteriosus initially and the shunt. In one specimen, the 
ductus arteriosus had closed spontaneously, and the 
Waterston shunt appeared to be too small. In another 
specimen, the systemic to pulmonary shunt in combina- 
tion with the patent ductus arteriosus appeared inade- 
quate. This neonate probably died of a lung infection. In 
three other specimens, the shunt appeared to be too 
generous. These conclusions are based on pathological 
observations. However, no corresponding clinical corre- 
lation is available. At present, the shunt of first choice is a 
modified Blalock-Taussig shunt. With this type of shunt, 
no size-related problems should be encountered. 

There was great variation in the size of the right 
ventricle judged at stage 1. Only 33% of the hearts were 
considered to be normal in size, and about 17% were 
moderately hypoplastic and 50%, severely hypoplastic. 
The size of the tricuspid valve was usually proportional to 
the size of the ventricle, and anomalies of the valve itself 
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Table 2. Theoretical Requirements and Autopsy Findings Influencing Survival After Each Surgical Procedure 





Surgical Procedure 


Stage 1: shunt procedure 


with shunt 
Stage 2: RVOT LV and MV function after extracorporeal 
reconstruction circulation 
Pulmonary blood supply 


Adequately sized RV or outflow portion 


Stage 3: closure of ASD RV and TV function 


+ shunt takedown 


LV and MV function 


Theoretical Requirements for Survival i 


Patent atrial communication 
Pulmonary blood supply—PDA in combination 





Relevant Autopsy Findings 





Present 

Closed ductus arteriosus, shunt 
inadequate or too large 

Myocardial damage, MV 
regurgitation 

All ductus arteriosus closed 

Inadequately sized RV 


Small RV or endocardial 
fibroelastosis, Ebstein’s 
anomaly 


MV regurgitation 





ASD = atrial septal defect; 
ventricular; 


LV = teft ventricular; 


were frequent. To allow RVOT reconstruction, an ade- 
quately sized right ventricle is necessary. 

After RVOT reconstruction (stage 2), survival is influ- 
enced by left ventricular function and mitral valve func- 
tion. Our earlier experience suggested that a systemic to 
pulmonary artery shunt was required to support. the 
pulmonary blood flow in the early period after stage 2 
(reconstruction of the RVOT and pulmonary valve). In 1 
of the patients, myocardial function was severely dimin- 
ished, probably the result of inadequate myocardial pro- 
tection, and in the other, left ventricular function was 
compromised by the presence of mitral regurgitation due 
to short chordal attachments. This patient could not be 
weaned from cardiopulmonary bypass. 

All nine left ventricular cavities and aortic valves were 
of normal size and structure. Left ventricular wall thick- 
ness was normal. However, in two hearts (22%), the 
mitral valve was abnormal. The incidence of mitral valve 
pathology in pulmonary atresia and intact ventricular 
septum has not been evaluated in the literature. In the 
future, careful preoperative evaluation of mitral valve 
anatomy and function should be carried out in this group 
of patients. 

After the establishment of continuity between the right 
ventricle and the pulmonary artery, an increase in right 
ventricular cavity size was measured, as is reported by 
other authors [2, 9]. _ 

After complete correction (stage 3), survival is influ- 
enced by the ability of the heart to regain adequate 
bilateral ventricular function. In the single specimen ex- 
amined, we found Ebstein’s anomaly of the tricuspid 
valve and severe right ventricular insufficiency due to a 
small right ventricular cavity in association with endocar- 
dial fibroelastosis. Moreover, the capability of the left 
ventricle to function well appeared reduced because of 
mitral regurgitation caused by short chordal attachments. 

In all nine specimens, the tricuspid valves were abnor- 
mal in size and structure. Ebstein’s anomaly was present 
in four specimens. In two specimens, the apical displace- 
ment was more than 20% of the right ventricular inlet 
length. In their series, Zuberbuhler and Anderson [6] 


MV = mitral valve; 
RVOT = right ventricular outflow tract; TV = tricuspid valve. 


PDA = patent ductus arteriosus; RV = right ventricle or right 


reported a 14% incidence of normal tricuspid valves and a 
27% incidence of Ebstein’s anomaly. Seven of our nine 
specimens had a small or tiny right ventricular cavity. 
Hypertrophy of the right ventricular wall was observed in 
four specimens. No coronary artery fistulas were noticed 
either clinically or pathologically. The morphology of the 
RVOT could be evaluated only after stage 1, when RVOT 
reconstruction had not yet been performed. Three of 
those six hearts showed absence of any RVOT. In these 3 
patients, open RVOT reconstruction as a second-stage 
procedure would have been contraindicated. 

Pulmonary valve malformations in our series were 
related to the RVOT morphology. Domed valves were 
found only in association with an outlet component of the 
right ventricle [6, 14]. The main pulmonary artery was 
patent in all specimens, and the diameters of the main, 
right, and left pulmonary arteries related normally to each 
other. 

In conclusion, based on our experience in the clinical 
management of neonates and infants with pulmonary 
atresia and intact interventricular septum over a 20-year 
period and this autopsy study, we suggest that a staged 
surgical approach can give satisfactory results provided 
the following factors are considered: 


1. An adequately sized right ventricle with an adequate 
- outlet portion is necessary to allow RVOT reconstruc- 
tion. 

2. Unless the ductus arteriosus is ligated at the time of 
creation of a systemic to pulmonary artery shunt or it 
closes spontaneously soon afterward, the combination 
of shunt flow and ductus flow could be excessive. The 
Waterston shunt may not be the shunt of choice in the 
management of this anomaly, as it is difficult to create 
to an “exact” size, and this could result in inadequate 
or excessive pulmonary blood flow. Four of six deaths 
after stage 1 were probably due to an inadequately 
sized shunt. 


3. Adequate myocardial protection must be provided at 


the time of stage 2 RVOT reconstruction. Mitral valve 
anatomy and function should be evaluated preopera- 
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tively. Mitral regurgitation may have contributed to the 
death of 1 infant at the time of stage 2 reconstruction. 
The systemic to pulmonary artery shunt is usually still 
necessary after stage 2 reconstruction to initially sup- 
port an inadequately functioning right ventricle. 


. Adequate. function of the left and right ventricles and 


the atrioventricular valves is necessary for survival 
after stage 3 (closure of interatrial communication and 
takedown of shunt). One death occurred in this group: 
The patient had a combination of Ebstein's anomaly, a 
small right ventricular cavity, a mitral valve abnormal- 
ity, and endocardial fibroelastosis. 
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Three patients with Swyer-James-MacLeod syndrome 
underwent operation. Occlusion of the main bronchus, 
leaving the lung in place, was carried out with good 
long-term results. 

(Ann Thorac Surg 1990;50:103-4) 


nilateral pulmonary emphysema or unilateral hyper- 
lucent lung was first described by Swyer and James 
in 1953 [1]. In 1954, MacLeod [2] reviewed 10 cases of one- 
lung transradiancy and analyzed clinical, radiological, 
and bronchographic features of the disease in detail. The 
main radiological feature of the disease is hypertransradi- 
ancy of the lung and diminishing of its size. Diagnosis is 
based on (1) obliteration of the small bronchioles, (2) 
hypoplasia of the pulmonary artery and absence of the 
peripheral vascular bed, and (3) emphysema [3-5]. Most 
investigators believe that this syndrome occurs as a result 
of infective damage of airways after obliterating bronchi- 
olitis in childhood [6]. Hypoplasia of lung vessels and 
emphysema are considered to be secondary to chronic 
inflammation [4, 5]. 

Chronic infection of the damaged lung is an indication 
for operation, usually pneumonectomy [2, 3]. We per- 
formed occlusion of the main bronchus by its resection, 
leaving the lung in place in 3 patients with Swyer- 
James-MacLeod syndrome. There were 2 female patients 
and 1 male patient aged 38, 42, and 23 years, respectively. 
All had had chronic pneumonia since childhood, with 
episodes of acuie infection two to three times per year. 
From time to time hemoptysis developed. Both women 
had ankle edema, and their condition was moderately 
severe. Sputum production was less than or equal to 150 
mL/day. Respiratory function was seriously disturbed. 
Their vital capacity was 37% and 42% of predicted, and 
residual lung volume was 200% and 250% of predicted. 
Airway resistance was four times more than predicted, 
and expiratory flow rates were decreased to 20% to 30% of 
predicted. Roentgenogram showed hyperlucency of the 
right and the left lungs. Computed tomography revealed 
emphysematous alterations of the affected lungs (Fig 1). 
Perfusion scintigraphy demonstrated the absence of blood 
flow in the damaged lungs. Angiography showed hy- 
poplasia of the pulmonary artery and obliteration of the 
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peripheral vascular bed (Fig 2). Owing to short disease 
history, the young man was doing better, and his respi- 
ratory function was less disturbed, although hemoptysis 
developed several times and he had repeated infection 
two times per year. 

All patients underwent operation with the diagnosis of 
Swyer-James-MacLeod syndrome: in 1 woman, the left 
lung was affected; in the other 2 patients, the right lung 
was affected. Operative procedure was performed 
through a posterior thoracotomy without dissecting the 
lattissimus dorsi muscle. The fourth rib was resected 
subperiostally. The parietal pleura was exfoliated, and the 
main bronchus was dissected extrapleurally; 1.5 cm of 
bronchus was resected. The central part was stapled, and 
the peripheral part was closed by interrupted sutures with 
interposition of mediastinal pleura. 

The postoperative period was uneventful in all patients, 
and they were discharged on the seventh, eighth, and 
tenth day after operation, respectively. The women were 
followed up for 3 and 3.5 years, respectively, and the man 
was followed up for 1.5 years. An excellent clinical effect 
of operation was noted. Hemoptysis and sputum produc- 
tion ceased. No infection developed. All patients gained 
weight. Respiratory function improved substantially in 
the women: vital capacity increased by 600 and 800 mL, 
respectively, residual hing volume decreased by 50%, 
expiratory flow rates increased by 30%, and airway resis- 
tance decreased by 50%. Computed tomography showed 
fibroatelectasis of isolated lungs, displacement of the 
mediastinum toward occlusion, and herniation of the 
lungs to the contralateral pleural space (Fig 3). During 
exercise, oxygen saturation did not change and was 
maintained at a level of 80 to 85 mm Hg in arterial blood. 
The man had no improvement in respiratory function 
because he was in the early stage of disease and his lung 
function was not decreased initially; however, he became 
completely asymptomatic. 


Comment 


The effect of occlusion of the main bronchus is identical to 
pneumonectomy. Occlusion is less traumatic, and the 
operation is performed through a small thoracotomy 
without entering the pleural space. Occlusion of the main 
bronchus in these patients is directed at preserving the 
functional systems, especially in severely ill patients. The 
remaining lung acts as a biological prosthesis and dimin- 
ishes mediastinal displacement and subsequent hyperex- 
pansion of the other lung. Use of bronchoscopy to elimi- 
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Fig 3. Computed tomography of the thorax of the same patient as in 
Figures 1 and 2 2.5 years after operation shows fibroatelectasis of the 





Fig 1. Computed tomography of the thorax before operation shows 
hypertransradiancy of right lung: emphysema. 


nate sputum from the bronchial tree and of antibiotics 
against aerobes and anaerobes administered before and 
after operation in high doses avoids the complications of 
infection. If infection does not occur postoperatively or 
during the first year after operation, it should not be 
expected further, because experiments show that in 2 





Fig 2. Angiography of the same patient as in Figure 1 before opera- 
tion shows hypoplasia of right pulmonary artery and obliteration of 
the peripheral vascular bed. 


right lung; density is 52 H. 


years after occlusion of the bronchus, fibroatelectasis of 
lung parenchyma develops and inflammatory changes in 
bronchus and lung tissue cease [7]. 

After a long-term period of segmental and lobar bron- 
chus resection for management of bronchiectasis, func- 
tional ocelusion of lung vessels was shown to develop [7]. 
Nevertheless, there is no doubt that occlusion of the 
bronchus in patients with normal lung vessels will pro- 
duce massive V/Q mismatch, shunting of blood “right to 
left,” and hypoxemia. Therefore, we believe that occlu- 
sion of the main bronchus, leaving the lung in place, can 
be used for management of Swyer-James-MacLeod syn- 
drome when there is no blood flow to the affected lung. 
We also believe that occlusion of the main bronchus is 
effective in management of pulmonary artery agenesia 
and atresia. 
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Between 1980 and 1989, 26 infants aged less than 1 month 
underwent open aortic valvotomy for critical aortic ste- 
nosis. All had congestive heart failure requiring inotro- 
pic agents (58%), ventilation (42%), and/or prostaglandin 
E, (35%) preoperatively. Nine patients with isolated 
aortic stenosis had an operative mortality of 0%, whereas 
17 patients with other anatomical lesions had a 47% 


Ce, aortic stenosis (AS) in the newborn continues 
to challenge the medical/surgical team. Although 
results worldwide have improved, substantial morbidity 
and mortality are still associated with the various surgical 
techniques in use [1-8]. We analyzed our own 10-year 
experience using one surgical technique. The factors af- 
fecting long-term and short-term outcome in the current 
era were examined. Our protocols and their shortcomings 
for diagnosing and treating critical AS in the newborn are 
discussed. 


Material and Methods 


Patient Population 

During the period of this study, 152 children underwent 
aortic valvotomy at the Royal Children’s Hospital (3% of 
all cardiac procedures). We excluded from consideration 
all patients aged more than 30 days at the time of 
operation. We believe, as do others, that the duct- 
dependent physiology, usual preoperative condition, and 
tolerance to cardiopulmonary bypass of the newborn 
differ from those of older patients [4, 9]. There were 
therefore 26 infants in this series, with a mean age of 8.7 
days and a mean weight of 3.2 kg. All patients had serious 
congestive heart failure requiring inotropic support (58%), 
ventilation (42%), and/or administration of prostaglandin 
E, (PGE,) (35%) preoperatively. The diagnosis was usu- 
ally made clinically and confirmed with two-dimensional 
echocardiogram alone (22/26) or cardiac catheterization 
plus echocardiogram (4/26). Mean Doppler-derived or 
directly measured left ventricle to aortic gradient was 59 
mm Hg (standard deviation, 15 mm Hg). Associated 
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mortality (p < 0.01). Univariate analysis failed to identify 
additional risk factors cther than year of operation (p < 
0.05). There were four late deaths, three probably related 
to arrhythmia (actuarial survival at 113 months = 0.53). 
Two patients have required late reoperation; neither 
required valve replacement. 

(Ann Thorac Surg 1990;50:105-9) 


anatomical lesions including persistent ductus arteriosus 
(PDA) are shown in Table 1. We considered PDA a 
relatively constant hemodynamic feature of newborns 
with critical AS, and because our practice is to ligate the 
duct in all cases, it was not considered an additional 
lesion. Furthermore, all patients would currently receive 
PGE, preoperatively to maintain ductal patency. Reccg- 
nizing the continuum of left heart obstructive lesions, we 
have excluded from this series patients with aortic atresia, 
mitral atresia, or both, for whom aortic valvotomy as 
primary treatment wculd not have been appropriate. 
Such patients were treated with various modifications of 
Norwood’s operation, and results will be analyzed in 
another article. All patients admitted with critical AS 
survived to undergo open aortic valvotomy, which was 
the only procedure used during this period for tnis 
congenital lesion. 


Surgical Techniques and Anatomical Finding 
For patients whom we judged to have adequate-sized left 
ventricles and in whom aortic valvotomy was deemed to 
be the method of choice to relieve left ventricular outflow 
obstruction we used cardiopulmonary bypass, systemic 
hypothermia (30° to 32°C), and 4°C crystalloid cardiople- 
gic arrest. A single right atrial cannula was used for 
venous return. The cuctus arteriosus was routinely li- 
gated after cardiopulmonary bypass was started. The 
aortic valve and subaortic area were inspected through an 
oblique aortotomy. Twenty-two of 26 patients had a 
bicuspid valve, 3 had a tricuspid valve, and 1 had a 
unicuspid valve. Only identifiable commissures were in- 
cised to the annulus to make the orifice as large as 
possible. When present, dysplastic nodules or excres- 
cences on the leaflet edges were resected to decrease the 
bulk obstructing the orifice and to improve mobility and 
coaptation. 

The bypass and operative techniques were modified as 
required to perform the concomitant procedures shown in 


0003-4975/90/$3.50 


106 KARL ET AL 
INFANT AORTIC STENOSIS 


Table 1. Lesions Associated With Critical Aortic Stenosis in 
26 Infants 


No. of 

Lesion Patients 
Patent ductus arteriosus only l 9 
Coarctation l 6 
Atrial septal defect 6 
Ventricular septal defect 2 
Mitral stenosis 6 
Aortic annulus less than 5 mm 2 
3 


Hypoplastic left ventricle . 


Table 2. Of thẹ last 3 patients shown in Table 2, 2 were 
initially treated with aortic valvotomy and could not be 
separated from cardiopulmonary bypass owing to inade- 
quate size of the left ventricle. Atrial septectomy, proxi- 
mal aortopulmonary window, and distal pulmonary ar- 
tery banding were performed. The third patient 
underwent Gore-Tex innominate to right pulmonary ar- 
tery shunt plus proximal pulmonary artery to aortic end- 
to-side anastomosis with division and patch closure of 
distal pulmonary artery, plus atrial septectomy. None of 
these patients survived the immediate postoperative pe- 
riod.’ Patients with this anatomy currently would be 
treated primarily with Norwood’s operation and would 
not be considered for aortic valvotomy as.a definitive 
procedure. 

' Of the 6 patients with coarctation, 1 had repair before 
aortic valvotomy, 2 had repair as a concomitant proce- 
dure, and 3 had repair as a second procedure during the 
same hospitalization (the diagnosis of coarctation was 
made after aortic valvotomy). Five other patients required 
reoperation. in the immediate postoperative period, 1 for 
ventricular septal defect closure, 1 for modified Konno 
operation (after valvotomy failed to relieve the annular 
öbstruction), 1 for mitral valve replacement, 1 for revision 


Table 2. Operations Performed Concomitantly or During Same Hospitalization as Aortic Valvotomy 


l No. of 
Patients 


Operation (in Addition to Aortic LO 
i- PDA ligation only : , 11 


Coarctation repair 

. Coarctation repair + ASD closure 
Coarctation repair + VSD closure 
Coarctation repair + ASD/VSD closure 
MV repair 

MV replacement 

ASD closure 

Konno operation 

Hypoplastic left heart operation 
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ASD = atrial septal defect; 


~ CPB = cardiopulmonary bypass; 
defect. i : i 
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MY = mitral valve; 
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of a pumonary artery band, and 1 for valvoplasty to 
reduce aortic insufficiency. 

All patients were kept sedated, paralyzed, and venti- 
lated fcr 12 to 24 hours or longer as required, during 
which time right and left atrial and pulmonary artery 
pressures were monitored. All patients operated on after 
1985 had peritoneal dialysis catheters inserted at the time 
of operation for control of postoperative fluid and electro- 
lyte balance and temperature. During the last half of this 
study, lignocaine infusion was started intraoperatively 
and mair-tained until the babies could be converted to oral 
phenytoin, which was then continued for 6 months post- 
operatively. 


Follow-uz 

Follow-u> for 1 to 113 months (mean, 37 months) after 
discharge was available for all hospital survivors in this 
study. Pcstoperative data were collected by us or by our 
referring -ardiologists. All patients living i in our own state 
were examined in our institution. For out of state or 
overseas patients, information was obtained from the 
referring ardiologist responsible for the child’s long-term 
care. 


Statistice, Analysis 

Characteristics of the subjects i in the study were compared 
using Fisher's éxact, x?, or t tests for discrete or continu- 
ous data as indicated. Actuarial data. were calculated 
using the Kaplan-Meier formulas [10]. Sample propor- 
tions are expressed with confidence limits corresponding 
to one standard deviation with continuity corrections for 
upper anc lower limits [11]. 


Results 


Early Outcome 

Overall cperative mortality was 8/26 (31%; confidence 
limits, 21% to 45%). The babies with isolated AS with or 
without FDA had an operative mortality of 0/9 (0%; 
confidence limits, 0% to 19%). The patients with complex 


Late 
Hospital Deaths Deaths 
1 (low cardiac output owing to 3 
hypoplastic MV) 
Q 0 
id 1 
G 0 
(H 0 
1 unable to wean from CPB) 
0 
2 “hypoplastic MV, arrhythmia) 0 


1 ‘low cardiac output) 
3 ‘low cardiac output) 


PRA = patent ductus arteriosus; VSD = ventricular septal 
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AS had an operative. mortality of 8/17 (47%; confidence 
limits, 39% to 62%). Details of early postoperative deaths 
are shown in Table 2. . 

Factors found to influence early mortality were pres- 
ence of an additional anatomical lesion (p < 0.01) and 
Operation before the last 2 years of the study (p < 0.05). 
Endocardial fibroelastosis (EFE) was identified by pre- 
operative echocardiogram in 2 survivors and 2 nonsurvi- 
vors, but was detected postmortem in all 5 nonsurvivors 
undergoing autopsy. 


Late Outcome 


Follow-up of 1,194 patient-months ‘after discharge dis- 
closed four late deaths. Three patients had sudden death 
at home 2, 3, and 4 months after operation. These deaths 
were presumed to result from arrhythmias. One patient 
had initially undergone coarctation repair plus atrial sep- 
tal defect closure plus aortic valvotomy and was hemody- 
namically well at evaluation 1 month before death on no 
medications. The sécond patient had isolated AS and was 
well just before death, receiving digoxin, furosemide, and 
phenytoin. Postmortem. examination showed advanced 
EFE, although the AS was well relieved. The third late 
death occurred in a patient known to have severe EFE 
preoperatively. He was clinically well just before death, 
but autopsy showed a small dysplastic mitral valve in 
addition to the EFE. The fourth late death occurred during 
a bout of severe gastroenteritis 38 months after the origi- 
nal operation. Postmortem examination showed severe 
EFE. In the interim, this patient had required two reop- 
erations for valvar and subvalvar AS although she had 
been asymptomatic. Postmortem examination showed 
severe EFE. ; i 

One other patient required reoperation 9 years after 
valvotomy. At the original operation, she had a dysplastic 
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Fig 1. Actuarial survival after aortic valvotomy. 
Standard deviations of probability estimates and num- 
ber of patients completing each follow-up interval are 
shown in parentheses. 


valve and underwent unicommisurotomy. At the second 
operation, four true cusps were noted, with minimal 
valvar steriosis but severe membranous and muscular 
subaortic steriosis. Her obstruction was successfully re- 
lieved by resection. Of the remaining survivors, 3 have 
mild aortic insufficiency and none has more than a 40-mm 
Hg transaortic Doppler-derived gradient. . 

Actuarial survival for all newborns with critical AS was 
0.53 at 113 months (strictly speaking, at 38 months, with . 
no deaths occurring after that time), as shown in Figure 1. 
The small number of late deaths does not lend itself to 
further meaningful statistical analysis. except to indicate 
that hospital survivors with both complex and isolated AS 
are at risk. 


Comment 
Various surgical techniques for treatment of AS in criti- 
cally ill newborns have been proposed. These include 


_valvotomy under inflow occlusion [5], transventricular or 


transaortic closed valvotomy [1-3; 6, 7], and open valvot- 
omy with cardiopulmonary bypass and aortic cross- 
clamping with or without cardioplegia [8, 12]. Hypother- 
inic circulatory arrest with initial surface cooling has also 
been used [13]. Although comparisons of techniques in 
different institutions. and heterogenous patient popula- 
tions may be misleading, our technique compares favør- 
ably with other techniques for the group of patients with 
isolated AS. 

Resiilts with the more complex AS lesions have been 
less encouraging. Analysis of our own patients iri this 
group suggests that at least six of the eight operative 
deaths occutred in patients with degrees of left heart 
hypoplasia more severe than valvar AS (small left. ventri- 
cle, small aortic annulus, small mitral valve, subvalvar 
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stenosis). The prognostic significance of preoperative left 
ventricular volume determination is controversial. Gun- 
dry and Behrendt [4] reported similar left ventricular 
end-systolic indexes for survivors and nonsurvivors in 
infants undergoing valvotomy for critical AS. Other in- 
vestigators [14], however, have suggested that survival is 
unlikely with indexes less than 20 cm°/m? [14]. 

Although we have not rigorously measured left ventric- 
ular volume in all cases, we currently consider size of the 
aortic annulus, ascending aorta, mitral valve, and left 
ventricular cavity when deciding which patients are suit- 
able candidates for aortic valvotomy as initial treatment 
[8]. If the cardiac apex is not formed by the left ventricle, 
or if dimensions are less than 60% mean for body weight, 
we currently do not regard aortic valvotomy alone as 
appropriate treatment. This concept was not uniformly 
applied, however, in the earlier years of this series. Future 
results might be improved if all patients at this end of the 
spectrum could be identified with more certainty preoper- 
atively and treated primarily with Norwood-type proce- 
dures or cardiac transplantation. 

The exact incidence and degree of EFE in survivors is 
currently unknown. The high incidence and severity of 
this lesion at autopsy, however, suggests that some 
babies with complex AS and EFE might also be better 
candidates for cardiac transplantation than for aortic val- 
votomy (we have not yet performed transplantations for 
this indication). 

Our current treatment protocol emphasizes noninva- 
sive diagnosis and adequate resuscitation before opera- 
tion [5, 14]. Although PGE, has been available since 1983 
in our unit, it did not figure statistically in reducing 

operative mortality in the complex group. We do find 
PGE, to be an extremely useful resuscitation drug, how- 
ever, and currently use it in all patients, as has been 
advocated by other investigators [15]. We also consider 
inotropic agents and ventilation important aspects of 
preoperative treatment in most patients, deferring opera- 
tion until the baby is metabolically and hemodynamically 
more stable. 

Regarding our surgical technique, we favor use of 
hypothermic (32°C) cardiopulmonary bypass with car- 
dioplegic arrest. This technique allows a detailed inspec- 
tion of the valve and a more precise repair than indirect 
techniques. Incising true commissures to the annulus 
provides a substantial increase in orifice size as compared 
with leaving 1 mm of fusion and does not lead to an 
appreciable increase in insufficiency. We also believe that 
debridement of the valve is important, especially if the 
configuration is trileaflet. Open repair makes this possi- 
ble. In a bileaflet valve, a commissurotomy will usually 
lead to a substantial increase in orifice size, whereas a 
small trileaflet valve often has fairly well-developed com- 
missures before valvotomy. In the latter case, debride- 
ment also allows further increase in orifice size without 
contributing to insufficiency. 

Currently, we routinely close ihe foramen ovale 
through a small right atrial incision, using a very brief 
period of total circulatory arrest at 32°C. Associated mitral 
insufficiency of moderate degree is very likely to resolve 
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after successful left ventricular decompression; in our 
experience, this does not require inspection or specific 
treatment at the time of valvotomy. 

Postoperatively, we have found rapid atrial pacing to be 
useful in increasing cardiac output in infants with very 
hypertrophied left ventricles and relatively fixed stroke 
volume. We also have a low threshold for initiation of 
low-volume (10 mL/kg) peritoneal dialysis as adjunctive 
treatment for acidosis, renal insufficiency, electrolyte dis- 
orders, and hypothermia or hyperthermia. 

The 3 sudden deaths at 2, 3, and 4 months, as well as 
some hospital deaths, are presumed to be related to 
arrhythmias. Because we have not observed complica- 
tions attributable to long-term antiarrhythmic therapy, we 
currently use it for 6 months, recognizing that efficacy 
would be difficult to establish statistically. 

We are aware that catheter balloon valvoplasty has been 
used successfully for treatment of newborn AS, although 
not in our own institution. As equipment and techniques 
improve, this procedure may be more widely and success- 
fully applied. In our opinion it has not yet been proved to 
be superior to surgical treatment in either simple or 
complex newborn AS. The procedure is not free of com- 
plications, and long-term data are not available [16]. 

With regard to long-term follow-up, our data suggest 
that for survivors of the newborn period hemodynami- 
cally important residual AS and insufficiency are uncom- 
mon and not rapidly progressive during childhood. We 
presume that some of these patients will require repeat 
valvotomy or valve replacement later in life, because our 
longest follow- -up is only 9 years. 

We conclude that isolated AS in the newborn can be 
treated safely with open aortic valvotomy on cardiopul- 
monary bypass with the expectation of good medium- 
term results and low incidence of reoperation during 
childhood. Aortic stenosis complicated by other clinically 
significant hemodynamic lesions has a less favorable 
prognosis immediately after operation, but hospital sur- 
vivors are likely to have medium-term results similar to 
those of patients with isolated AS. 
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The stenotic aortic valve was surgically repaired in 48 
adults, 21 women and 27 men, aged 38 to 83 years. Five 
had congenital aortic stenosis (AS), with a mean aortic 
valve gradient and area of 58 + 23 mm Hg (standard 
deviation) and 0.54 + 0.13 cm?, respectively; 32 had 
senile AS with a mean aortic valve gradient and area of 
43 + 20 mm Hg and 0.98 + 0.41 cm’; and 11 had 
rheumatic AS with a mean aortic valve gradient and area 
of 59 + 24 mm Hg and 0.47 + 0.15 cm’. Only 6 patients 
underwent isolated aortic valvoplasty, 11 underwent 
concomitant mitral valve procedure, and 34 underwent 
concomitant coronary revascularization. Repair consisted 
of decalcification in 33 patients and decalcification as 
well as commissurotomy in 15 patients. There were three 
hospital deaths, none related to the aortic valve. Only 2 
patients (both rheumatic) did not improve clinically. 
During follow-up (mean, 64 + 41 months) aortic valve 
restenosis developed in 24% (10 patients, 3/5 congenital, 


ps the 1950s and 1960s, debridement and commis- 
surotomy were the only available procedures for 
relief of aortic valve stenosis [1-3]. These procedures, 
however, were recognized as “holding operations” [4, 5] 
rather than permanent solutions to the problem. There- 
fore, it is not surprising that as soon as the relatively 
efficient and more predictable prosthetic valve became 
available, replacement rather than conservation became 
the procedure of choice. Unfortunately, aortic valvoplasty 
was abandoned without a careful evaluation of the effect 
of factors such as severity of aortic valve stenosis and 
deformity, or etiology of the valvar disease, on the results. 
In view of the substantial morbidity associated with 
prosthetic valves [6, 7], identification of subgroups of 
patients suitable for aortic valvoplasty is important. A 
separate but related problem is whether aortic valvoplasty 
should be performed in patients referred for other cardiac 
operations who have associated aortic valve disease that is 
not severe enough to warrant a valve replacement but 
may degenerate further in subsequent years, necessitat- 
ing cardiac reoperation. 

With these issues in mind, our experience with surgical 
preservation of the aortic valve in 48 adult patients with 
aortic valve stenosis has been reviewed. Two main ques- 
tions have been addressed in this study: (7) Is restorative 
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4/11 rheumatic, and 3/32 senile) at a mean of 64 + 28 
months. Postoperative Doppler echocardiographic as- 
sessmeni of 21 patients with senile AS at 1.1 + 2.7 and 
18.1 + 1.4 months showed significantly lower aortic 
valve gradient and improved area in comparison with 
preoperative values. At 36 + 2.7 months, aortic valve 
gradient and area were not significantly different than 
preoperative values, and at 58.5 + 2.6 months aortic 
valve gradient was 1.41 (p = 0.07) times the preoperative 
value. A: 7 years, actuarial freedom from aortic valve- 
related symptoms of the patients with senile AS was 
87%. We conclude that in select patients aortic valve 
repair results in excellent relief of AS. Late restenosis is 
expected and more likely to occur in the valves with 
congenital and rheumatic disease than in those with 
senile disease. , 


(Ann Thorac Surg 1990;50:110-20) 


aortic valvoplasty more feasible in certain subgroups of 
patients end does it offer adequate long-term results to 
warrant its application? (2) Can aortic valvoplasty result in 
prevention or retardation of progression of mild to mod- 
erate aortic stenosis? 


Material and Methods 


Patient Population 
From January 1970 through January 1988, surgical repair 
of the aortic valve was performed in 48 adult patients, 21 
women ar.d 27 men, aged 38 to 83 years (mean age, 67 + 
12 years). Stenosis was the predominant aortic valve 
pathology in all patients. Eighteen patients had insignifi- 
cant (2+ br less) aortic insufficiency. Mean New York 
Heart Association (NYHA) functional class was 3.1 + 0.5. 
All patiencs underwent preoperative cardiac catheteriza- 
tion. Only 6 underwent isolated aortic valvoplasty; 6 
(13%) underwent concomitant mitral valvoplasty, 31 
(65%) underwent coronary revascularization, 3 (6%) un- 
derwent mitral valvoplasty and coronary revasculariza- 
tion, and 2 (4%) underwent mitral valve replacement. The 
aortic valv2 disease was the primary indication for oper- 
ation in 34 patients (71%), whereas in the remaining 29% 
it was only a secondary objective for operation. 

The patients were classified into three groups based on 
history, clinical data, and intraoperative visual examina- 
tion: those with congenital bicuspid aortic stenosis, those 
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Table’ 1. Congenital Bicuspid Aortic Stenosis 
Recatheterization 
Preoperative Catherization Months AV 
. AV AV Since AV AV Replacement 
Patient Age Gradient AV Area Regurgi- Operative Symptomatic AV Gradient Regurgi- (Months Since 
No. (yr) Sex (mmHg) (cm?) tation Procedure Relief (mo) Repair (mm Hg) tation Repair) 
1 57 M 40 0.51 1+  Decalcification 72 91 100 i+ 92 
38 F 60 0.36 0 Decalcification, 55 66 85 1+ 67 
commissurotomy 
3 6 F 84 0.52 0 Decalcification, 144 Ist-48 25 1+ Never replaced 
commissurotomy 2nd-138 50 1+ 
4 35 M 78 0.61 1+ Decalcification, 108 120 85 1+ 120 
commissurotomy 
5 70 M 30 0.70 0 Decalcification, 3 Never 
CABG 


a Died of cerebral infarct. 


AV = aortic valve; CABG = coronary artery bypass grafting. 


with senile or degenerative calcific aortic stenosis, and 
those with rheumatic aortic stenosis. 


BICUSPID AORTIC STENOSIS. The first group was com- 
posed of 5 patients (9%), 2 women and 3 men, aged 35 to 
70 years (Table 1). All had moderate to severe aortic 
stenosis. The aortic valve gradient and area were 58 + 23 
mm Hg and 0.54 + 0.13 cm?, respectively. 


SENILE AORTIC STENOSIS. The second group consisted of 
32 patients (67%), 10 women and 22 men, aged 45 to 86 
years (mean age, 70 + 9 years) (Table 2). Average aortic 
valve gradient and area were 43 + 20 mm Hg and 0.98 + 
0.41 cm?, respectively. Thirty patients had serious coro- 
nary artery disease; 2 had serious mitral regurgitation. 
Two subgroups were identified. In the first subgroup (n = 
14, asymptomatic aortic valve), the only presenting symp- 
tom was angina pectoris; the aortic valve gradient (peak to 
peak) was less than 40 mm Hg (mean, 26 + 8 mm Hg), 
and the aortic valve area was larger than 0.9 cm? (mean, 
1.4 + 0.33 cm’). In these patients, the primary indication 
for operation was coronary artery disease, and correction 


Table 2. Senile Aortic Stenosis 


of aortic valve pathology was only a secondary objective. 
The patients in the second subgroup (n = 18, symptom- 
atic aortic valve) had aortic valve-related symptoms: 4 had 
syncope or presyncope, 12 had congestive heart failure, 
and all had chest pain. The aortic valve gradient in these 
patients was 35 mm Hg or greater (mean, 55 + 15 mm 
Hg), and the aortic valve area was smaller than 1.1 cm? 
(mean, 0.72 + 0.17 cm?). The primary indication for 
operation in these patients, besides coronary artery dis- 
ease, was correction of aortic valve pathophysiology. 


RHEUMATIC AORTIC STENOSIS. There were 11 patients 
(19%) in the third group, 9 women and 2 men, aged 42 to 
79 years (mean age, 57 + 12 years) (Table 3). Correction of 
aortic valve disease, alone or with coronary artery or 
mitral valve disease, was the primary indication for oper- 
ation. The average (peak-to-peak) aortic valve gradient 
and area were 59 + 24 mm Hg (range, 30 to 100 mm Hg) 
and 0.47 + 0.15 cm? (range, 0.3 to 0.83 cm?), respectively. 
All these patients had mitral valve disease. In 2 patients, 
the mitral valve disease: was mild and did not require 
surgical intervention; in the remaining patients, average 


Preoperative Catheterization 








Mean AV 
No. of Mean Age gradient 
Status Patients (yrs) Female/Male (mm Hg) Mean AV area (cm?) 
Symptomatic 18 74 + 5° 10/8 55.2 + 15.2” 6.72 + 0.17% 
(range, 35-80) (range, 0.45-1.10) 
Asymptomatic 14 66 + 10 0/14 26.4 + 7.7 1.4 + 0.33 
(range, 15-40) (range, 0.9 + 1.85) 
All 32 70 £9 10/22 42.5 + 19.8 0.98 + 0.41 
90.001<p<0.01.  ? p< 0.001. 


AY = aortic valve. 


112 SHAPIRA ET AL 


AORTIC VALVE REPAIR 


Table 3. Rheumatic Aortic Stenosis 


Preoperative Catheterization 
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Operative Procedure 





AV MV 
AV MV 
Patient Age Gradient Area Gradient Area [ns waa 
Group? No. (yr) Sex (mm Hg) cm? Regurg. (mm Hg) cm? Regurg. Commis. Decale. Commis. MVR 
A 1 47 F 80 0.48 1.5+. 10 11 1+ + + + 
61 M 55 0.50 0 0 0 F + +° 
3 42 F 36 0.50 I+ 10 0.8 1+ + + + 
4 44 F 50 eo 2+ 14 was 1+ + + + 
5 57 F 30 0.45 1+ 15 1.0 2+ + + + 
B 6 49 M 38 0.83 2+ 16 1.2 1+ + + + 
7 58 F 35 ` 0.3 0 9 0.8 1+ + + + 
8 79 F 56 0.47 0 8 1.4 2+ + + + 
9 74 F 86 2+ 0 0 + +° 
Cc 10 54 F 80 0.38 1.5+ 20 0.8 1+ + + + 
11 62 F 100 0.4 2+ 12 1.2 0 + + + 
Total® 55.7 + 11.6 58.7 + 24.1 0.47 +0.15 15+ 119444 10417 -1+ =11 n=12 n=7 n=2 


a Group A experienced relief of AV-related symptoms throughout entire follow-up perioc, Group B experienced temporary relief of symptoms, Group C 


experienced no relief of symptoms. ? = Doppler echocardiogram data 
had a complication of a mitral Beall prosthesis. 


AV = aortic valve; ` AVR = AV replacement; 
Regurg. = regurgitation; W and A = well and alive. 


mitral valve gradient and area were 12 + 4mm Hg (range, 
5 to 20 mm Hg) arid 1.0 + 0.17 cm? (range, 0.8 to 1.4 cm’), 
respectively. None of the patients had mitral valve regur- 
gitation greater than 2+. Two had serious coronary artery 
disease. 


Operative Procedure 


Cardiopulmonary bypass with moderate systemic hypo- 
thermia was used in all cases. Myocardial protection was 
achieved by direct coronary perfusion until 1979 and by 
cardioplegic arrest thereafter. A left ventricular vent was 
inserted in all patients. The aortic valve was inspected, 
and if restoration of the cusps’ mobility and coaptation 
appeared to be feasible, it was attempted. Calcium depos- 
its were grabbed with a delicate rongeur or a Tonsil clamp 
and then carefully rotated and removec ‘away from the 
elastic membrane. Our experience has shown that scoring 
the intima superficially at the -border of plaques before 
removing them can prevent injury to the surrounding 
cusp tissue. Bits of calcium debris were removed with 
forceps or with a small metal sucker, which was very 
effective in scraping them off the elastic membrane. Fused 
commissures were divided sharply to within 1 mm of the 
annulus. Free debris was removed by copious irrigation 
and suction. In general, restoration was not attempted if 
there was extension of the calcifications to the ventricular 


aspects of the cusps, gross distortion of the normal- 


architecture of the cusps, or extensive commissural fu- 
sion. After repair, valves were inspected to insure satis- 
factory mobility and coaptation, and the aorta was closed. 


€ This patient had concomitant coronary revascularization. 
° Data are shown as mean + standard deviation. 


- Commis. = commissurotomy; 


4 This patient 


Decale. = decalcification, | MVR = mitral valve replacement, 


Competency was tested at the beginning of the opera- 
tion and after closure of the aorta by estimating the 
volume of blood return through the left ventricular vent 
and by measuring the changes in systemic blood pressure 
during application and release of the aortic cross-clamp. A 
return of 10% to 15% or less of the total pump flow 
through the vent and a decrease in systemic blood pres- 
sure of 5 mm Hg or less when the aoitic clamp was being 
released were considered satisfactory. A pulse pressure 
greater than 40 to 50 mm Hg while the patient was on 
complete cardiopulmonary bypass with a clamped vent 
was ancther helpful sign indicating clinically significant 
aortic valve regurgitation. Left ventricular and aortic pres- 
sures were measured simultaneously after the patient was 
weaned from cardiopulmonary bypass to assess the pres- 
ence of residual gradient. Long-term anticoagulation and 
antiplatelet agents were not used. 


Follow-up and Statistical Analysis 

Follow-up was obtained during patients’ office visits or 
from telephone interviews, charts, and the referring phy- 
sicians. Endpoints of follow-up were death or aortic valve 
replacement or percutaneous valvoplasty. Percentage of 
follow-up was 98.8%, and the follow-up period ranged 
from 18 to 156 months (mean, 64 + 41 months). Patients 
in whom symptoms developed underwent cardiac cathe- 
terization. More recently, two-dimensional and Doppler 
echocardiography was used for a noninvasive assessment 
of the valve area and gradient [8, 9] and to grade the 
regurgitation [10, 11] in all patients available for follow- 
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Table 3. (Continued) 


Recatheterization 

Freedom 
From AV Months aN 
Symptoms Since Gradient Gradient 
(mo) Repair (mm Hg) Regurg. (mm Hg) 
148 125 5° 1+? 3° 

27 5 16” ge oP 

88 Never 

60 39 5 1+ 14 

56 Never 

96 147 25 4+ 12 

52 70 90 2+ 23 

26 24 64 1+ 

48 53 0 3+ 12 
None 10 60 3+ 16 
None 25 76 1+ 15 


up. Each of the 21 late survivors in the group with senile 
aortic stenosis underwent one or more echocardiographic 
examinations. Thirty-five studies were performed be- 
tween 1 and 87 months postoperatively, 28 of which were 
done at 12 months or later. The ratios of the aortic valve 
gradients and areas at each point of time to baseline were 
calculated and grouped according to time intervals since 
repair (1 to 12, 12 to 24, 24 to 42, 42 to 72, and 72 months 
or longer). Because patients were evaluated at different 
times, changes in valve function over time were assessed 
by comparing the data at each of the time periods with 
baseline data by paired t test. The actuarial method was 
used for analysis of freedom from aortic valve-related 
symptoms. Because the numbers of patients in the bicus- 
pid and the rheumatic groups were small, these groups 
were not analyzed separately. A p value less than 0.05 was 
considered significant. Values are expressed as mean + 
standard deviation, unless indicated otherwise. 


Results 


Operative Results 


BICUSPID AORTIC STENOSIS. All patients in this group had 
a successful valvoplasty and experienced relief of symp- 
toms. All required decalcification; 3 required commissur- 
otomy; 1 underwent concomitant coronary revasculariza- 
tion. There was no operative mortality. 


SENILE AORTIC STENOSIS. Thirty patients in the senile 
aortic stenosis group underwent concomitant coronary 
artery revascularization, including repair of a left ventric- 
ular aneurysm in 2, mitral annuloplasty in 2, and carotid 
endarterectomy in 3. All were trileaflet valves. Eighty-four 
cusps (three cusps in 20 patients, two cusps in 12 patients) 
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Reoperation 
Months 
Since 
Regurg. Repair Procedure Outcome 
1+? Never W and A, 148 mo 
o Never Died of arrythmia 
at 27 mo 
Never Died in accident 
at 88 mo 
1+ 40 MVR Died at 60 mo® 
Never Died at 56 mo? 
1+ Refused Died at 172 mo 
4+ Refused Died at 106 mo 
Never Awaiting AVR 
3+ 53 AVR, MVR Died during 
reoperation 
2+ 12 AVR, MVR W and A, 180 mo 
15+ 25 AVR, MVR Died during 
reoperation 


were debrided. In most patients, calcium deposits were 
primarily located at the aortic aspect of the cusps and 
were amenable to debridement. In three elderly patients, 
incomplete debridement was favored over valve replace- 
ment. In each of these patients, one of the three involved 
cusps had a calcium plaque that reached the ventricular 
aspect of the cusp, did not appear to affect mobility 
critically, and, if removed, would have resulted in a hole. 
The postdebridement gradient in these patients was less 
than 10 mm Hg. In 6 patients, a small (less than 2 mm) 
hole at the periphery of one cusp was created, probably 
where calcium deposits penetrated into the myxomatous 
layer of the cusps. The holes were oversewn with, 6-0 
Prolene suture (Ethicon, Somerville, NJ) without any 
untoward effect on subsequent results. Commissurotomy 
was performed in only 1 patient. A mean of 3.3 + 1.2 
coronary arteries per patient were grafted in the group 
with senile aortic stenosis. 

Successful restoration of valve motion without serious 
insufficiency was achieved in all patients: the intraopera- 
tive postrepair valve gradient was 5.4 + 4.8 mm Hg 
(range, 0 to 10 mm Hg), and the ratio of postoperative to 
preoperative gradient was 0.11 + 0.1. Three patients 
(aged 72, 73, and 74 years) died in the hospital of 
mediastinal sepsis, bleeding duodenal ulcer, and athero- 
matous emboli originating from calcified ascending aorta 
with multiple organ involvement (including cerebral and 
coronary), respectively. Postoperative echocardiography 
showed a well-functioning aortic valve in all 3 patients. In 
1 patient, respiratory failure developed owing to transient 
phrenic nerve paralysis, and another patient had a stroke. 
This last patient was in atrial fibrillation and underwent a 
concomitant mitral annuloplasty and was not anticoagu- 
lated. Both patients recovered completely. One patient 
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Table 4. Rerepair and Postrepair Senile Acrtic Valve Gradient, Area, and Regurgitation" 


Time Period (Mean Time) 


Preopera- Intraopera- 1 to 12 mo 12 to 24 mo 24 to 42 mo 42to72mo Longer than 72 mo 

tively tively (1.1 + 0.3 mo) (18.1 + 1.4 mo) (36.0+ 2.7 mo) (58.5 + 2.6 mo) (86.87 mo) 
Variable (n = 32) (n= 20) “(n=7) (n = 11) (n = 5) © (n= 10) (n = 2) 
Aortic valve 425+3.8 5441.1 147438 25.0 + 3.7 35.4 + 4.1 39.4 + 4.1 66; 80 

gradient (mm Hg) 
Aortic valve area 0.98 + 0.09 1.87 + 0.28 1.62 + 0.37 1.34 + 0.03 0.97 + 0.08 1.26; 0.81 
(cm) 

Aortic Insufficiency” 0.43 + 0.26 1.09 + 0.31 1.1 + 0.32 0.09 + 0.21° 1+; 1+ 


a All values are shown as mean + standard errors. 


did not improve after aortic valve repair because of mitral 
regurgitation, which was underestimated initially and 
was not addressed during the operation. During reoper- 
ation for mitral valve replacement 3 months later, the 
patient’s aortic valve was found to be functioning well. 
The rest of the patients in this group were discharged in 
NYHA class 1.1 + 0.4 (p < 0.001 versus preoperatively). 


RHEUMATIC AORTIC STENOSIS. All patients in this group 
underwent aortic valve commissurotomy and debride- 
ment. Of the 9 patients with serious mitral valve disease, 
7 underwent mitral valve commissurotomy and 2 under- 
` went replacement. Concomitant coronary revasculariza- 
tion was performed in 2 patients. Intraoperative testing 
showed satisfactory repair in all patients: the aortic valve 
gradient was between 0 and 10 mm Hg, and insufficiency 
was never estimated as worse than mild. There was no 
operative mortality. One patient who underwent aortic 
and mitral valve repair and was not anticoagulated post- 
operatively sustained left hemiplegia, which eventually 
resolved. Except for 2 patients who did not improve 
clinically, all patients were in NYHA class II or less at 
discharge. 


Follow-up 

BICUSPID AORTIC STENOSIS. Mean follow-up in this group 
was 87 + 57 months. One patient remained in functional 
class II at the age of 72 years, 12 years after repair, with a 
gradient of 50 mm Hg at 138 months. Three patients 
experienced symptomatic improvement during a follow- 
up period ranging from 4.5 to 9 years. Eventually, all had 


symptoms of aortic stenosis and underwent aortic valve 


replacement. One patient died 3 months after aortic valve 
debridement of a cerebral infarct due to severe bilateral 
carotid disease. At autopsy, the aortic valve cusps had 
excellent mobility and were coapting well. 


SENILE AORTIC STENOSIS. Mean follow-up in this group 
was 54 + 34 months. There were nine late deaths: six in 
the symptomatic subgroup and three in the asymptomatic 
subgroup. Eight of the 9 patients who died were between 
73 and 83 years of age at operation, and death occurred 
between 14 and 96 months thereafter. None had any signs 
suggesting deterioration of the aortic valve, and the cause 
of death was not related to the aortic valve in any of them 


b Aortic insufficiency assessed or a scale of 0 to 4+. 


(3 died of myocardial infarction, 3 of multiple noncardiac 
medical problems, 2 of malignancy, and 1 during abdom- 
inal aneurysm resection). 

The aortic valve gradient and areas at the five time 
intervals are shown in Table 4, and the ratios of postop- 
erative zo preoperative values are shown in Figures 1 and 
2. At i1 + 0.3 months and at 18.1 + 1.4 months, the 
ratios af the postoperative aortic valve gradient to pre- 
operative values were significantly less than 1 and the 
ratio of postoperative aortic valve area to the preoperative 
value was significantly greater than 1. At 36 + 2.7 
months, the ratios were not different from 1. At 58.5 + 2.6 
months, the aortic valve gradient and area were 1.41 + 
(standard error) 0.18 (p = 0.07 versus 1) and 0.9 + 
(standard error) 0.22 times the preoperative values. Only 
2 patients were studied at 86 and 87 months. In both, the 
aortic valve gradient was 3.0 times higher than the pre- 
operative value, and the aortic valve areas were 0.7 and 
0.5 timzs the preoperative values. Dividing the group 
with senile aortic stenosis by the preoperative median 
aortic valve gradient, the patients with the higher pre- 
operative aortic valve gradient were compared with those 
with the lower gradient. No correlation between the 
groups and rate of restenosis was found. 

Three patients had signs of aortic valve restenosis 
occurring 34, 46, and 90 months after repair. Their gradi- ` 
ents before repair (25, 28, and 56 mm Hg) were not higher 
than the mean group gradient. Subsequently, 2 under- 
went aortic valve replacement and 1 had a valvoplasty. At 
7 years. 87% of the hospital survivors with senile aortic 
stenosis were free of aortic valve-related symptoms (Fig 
3). 


RHEUMATIC AORTIC STENOSIS. Mean follow-up in this 
group was 70 + 51 months. Based on long-term outcome, 
three subgroups were identified (Table 3). Group A (n = 
5) never required reoperation of the aortic valve. One 
patient is alive and well 12 years after operation. The 
other 4 patients died during follow-up, but death proba- 
bly was not related to the aortic valve in any of them. One 
patient died suddenly 27 months after repair while en- 
gaged in sporting activities, probably because of arrhyth- 
mia. Another patient was killed in a car accident 7 years 
after operation while in functional class I. The deaths of 
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Fig 1. Ratios of postoperative aortic valve 
(AV) gradient to preoperative values at 
five postoperative time intervals. Values 

A are presented as mean + standard errors. 
(* p = 0.05 to 0.01; * p = 0.01 to 0.001; 
»* p = < 0.001.) 
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the 2 other patients were attributed to a malfunctioning 
Beall valve prosthesis in the mitral position. In 1 patient, 
it was placed during the aortic valve repair operation; in 
the second patient, it was placed 14 months later. Three of 
these 5 patients underwent late cardiac catheterization 


'that showed insignificant aortic valve disease. Group B (n 


= 4) experienced temporary symptomatic improvement 
that lasted between 26 months and 8 years. Two refused 
reoperation and died 9 and 14 years after repair. One died 
during reoperation, and 1 is awaiting aortic valve replace- 
ment. Group C (n = 2) did not experience postoperative 
symptomatic relief (Table 3, group C). Both underwent 
aortic and mitral valve replacement. One patient is alive 
and well; the other did not survive the reoperation. Mean 


aortic valve gradients of subgroups A, B, and C were 50 + 
20, 65 + 13, and 90 mm Hg, respectively, but the differ- 
ences were not significant. 


THROMBOEMBOLIC EVENTS. Seven patients had cere- 
brovascular events. Only one event, however, could be 
related to the repaired aortic valve, It occurred in a patient 
with a bicuspid aortic valve who had amaurosis fugax 7 
years after repair. In 4 patients, the cerebrovascular event 
was believed to be related to the mitral valve operation; 
one patient with a Beall mitral valve prosthesis had a fatal 
stroke after administration of warfarin was stopped be- 
cause of bleeding complications; the other 3 patients had 
enlarged left atria and were in atrial fibrillation, under- 


Fig 2. Ratios of postoperative aortic valve (AV) area 
to preoperative valves at five postoperative time inter- 
vals. Values are presented as mean + standard er- 
rors. (* p = 0.05 to 0.01; ** p = 0.01 to 0.001.) 
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Fig 3. Actuarial freedom from aortic valve (AV)-related symptoms 
after AV repair in patients with senile aortic stenosis (n = 32). Num- 
bers above the abscissa indicate number of patients entering each time 
interval. 





went mitral commissurotomy or annuloplasty, and had 
nonfatal stroke. Two patients had fatal cerebral infarctions 
secondary to carotid artery disease. Excluding the last 2 
patients and those with concomitant mitral valve disease, 
the linear incidence of thromboembolic events was 
0.0062% per patient-year. 


Histopathology 


The debrided aortic valve was available for histopatholog- 
ical examination in 7 patients. Three were excised at 2, 4, 
and 10 weeks after debridement from patients who died 
of noncardiac causes. Gross inspection showed the valve 
leaflets to be pliable and well coapted, and the valve 
orifice was widely patent without commissural fusion. 
There was no evidence of thrombosis. Four valves were 
excised during aortic valve replacement; one was replaced 
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10 weeks after debridement (during mitral valve replace- 
ment, although the aortic valve was functioning well), 
and three were replaced at 53 months after debridement 
for aortic restenosis. Of the seven valves examined, only 
one (one of the three excised 53 months after debride- 
ment) was from the rheumatic aortic stenosis group and 
the rest were from the group with senile aortic stenosis. 

A cusp explanted from a patient with senile aortic 
stenosis and not debrided is shown in Figure 4. At 2 
weeks (Fig 5), the site where calcific material had been 
debrided was clearly apparent with a small amount of 
residual calcium. A second calcium plaque that reached 
very close to the ventricular aspect of the cusp was not 
debrided. At 10 weeks, the entire fibrosa layer was 
missing and the aortic surface of the cusp consisted of the 
elastica. A thick collagenous tissue was evident on the 
ventricular aspect of the myxoid zone (Fig 6). In the two 
valves with senile stenosis that were available 53 months 
after debridement, the cusps were denuded of the fibrosa 
layer, and calcified plaques appeared within the myxoma- 
tous layer (Fig 7). Sections of a rheumatic aortic valve 
received 53 months after debridement and commissur- 
otomy showed extensive nodular calcifications and active 
fibrosis. Unlike in the valves with senile stenosis, none of 
the architectural features of the normal valve could be 
identified. 


Comment 


There has been a renewed interest in aortic valvoplasty, 
which may again become a suitable procedure in the 
modern adult cardiac surgical armamentarium. A few 
decades ago, repair of the aortic valve was the only 
available therapy for aortic stenosis. Unfortunately, the 
high incidence of late restenosis [3, 4, 12, 13] resulted in 
the disappearance of this operation when prosthetic 
valves became available. It soon became evident, how- 
ever, that aortic valve replacement was not a cure and was 
associated with its own appreciable mortality and morbid- 





Fig 4. An undebrided cusp explanted from a patient with senile aortic stenosis. Calcium plaques (Ca) are confined to the aortic aspect, or the fi- 
brosa (F) zone of the cusp, whereas the ventricular aspect, the myxoid (M) zone, is free of calcifications. The two zones are separated by the intact 
elastica (arrows). (Elastic stain, X4 before 41% reduction.) 
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ity. Despite continuous efforts toward improvement of 
existing devices and development of new designs, the 
risks associated with prosthetic or tissue valves in the 
aortic position remained substantial, averaging approxi- 
mately 4% to 6% per patient year [14-16]. Because of these 
risks and because of the long-term symptomatic relief 
offered by valvoplasty in a substantial percentage of 
patients (18% to 44%) [4, 5, 12, 13], there is a renewed 
interest in this procedure [17-20]. The availability of 
modern ultrasonic devices (Cavitron Ultrasonic Surgical 
Aspirator, Cavitron Surgical Systems, Stamford, CT) may 
make decalcification safer and more expeditious [18, 21] 
and is another reason for a potential increase of applica- 
bility of the procedure. 

The normal aortic valve opens by the folding of the 
three cusps into their respective sinuses and closes by 
their falling back across the ventricular outflow. The cusps 
are prevented from prolapsing into the ventricle by their 
concave semilunar shape and by the overlap of their free 
edges [22]. When all three cuspid features, namely, mo- 
bility, concave shape, and overlap, can be restored or 
preserved, a well-functioning valve can be expected. 
Based on these criteria, aortic valve restoration was con- 
sidered feasible in 48 patients. 

The repair was successful in all but 2 patients (95.8%) 
and was not associated with any untoward events, includ- 
ing creation of incompetent valves. Despite this success 
rate, considering the 25% incidence of late valve degen- 
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Fig 5. A cusp explanted 2 weeks af- 
ter debridement. The site of removal 
of a calcium plaque is marked with an 
asterisk, next to another plaque (Ca) 
located close to the insertion line of 
the cusp. (Hematoxylin and eosin, 
x4 before 32% reduction.) (F = fi- 
brosa zone; M = myxoid zone; ar- 
rows mark the elastica layer.) 


eration requiring replacement and the evidence of silent 
gradual increase in aortic valve gradient, it has to be 
concluded that the procedure is palliative for many pa- 
tients and cannot provide cure for all. The least favorable 
results were obtained in the rheumatic group; in 2 of the 
11 patients the procedure was not successful, and in 4 of 
the remaining 9 patients signs of restenosis or incompe- 
tence developed and aortic valve replacement was re- 
quired at a mean of 56 + 29 months postoperatively. In 3 
of the 4 long-term survivors in the bicuspid group, signs 
of restenosis developed and aortic valve replacement was 
required at 55, 72, and 108 months. The most favorable 
results were obtained in the senile group; the repair was 
successful in all patients (p < 0.05 as compared with 9/11 
in the rheumatic group), and signs of late restenosis 
requiring intervention have occurred in only 3 patients (at 
34, 46, and 90 months) (p < 0.05 as compared with 4/9 in 
the rheumatic group). 

The pattern of calcium distribution and the presence or 
absence of commissural fusion characterize each of the 
disease processes [22, 23]. Rheumatic AV stenosis is 
characterized by fusion of all three commissures in the 
younger age group and by thickening and calcification of 
the cusps, resulting in the rigidity of the entire valve in 
the older age group. Senile aortic valve stenosis, on the 
other hand, results from fibrosis and calcium deposits at 
the base of the cusps along the flexion stress lines, 
affecting their hinge mechanism, without commissural 


Fig 6. A cusp explanted 10 weeks 
after debridement. The entire fibrosa 
layer is missing, and the aortic sur- 
face of the cusp consists of the elastica 
(arrows). The ventricular aspect of 
the myxoid zone (a) is replaced by 
collagenous tissue (b). (Elastic stain, 
x4 before 31% reduction.) 
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Fig 7. A cusp explanted 53 months 
after debridement because of resteno- 
sis. Restenosis appeared to be the re- 
sult of neocalcifications (Ca) within 
the myxoid layer (M). Arrows mark 
the intact elastica. (Elastic stain, x4 
before 32% reduction.) 


fusion (Fig 8). The stenotic bicuspid aortic valve is affected 
by a dystrophic process identical to the senile valve, but it 
occurs at a younger age. These differences in the patho- 
logical changes explain why the valves in the rheumatic 
and bicuspid groups had significantly more severe steno- 
sis and were more severely deformed. It is not surprising, 
therefore, that we experienced a higher early success rate 
and more favorable long-term results in the senile valves, 
in which only the body of the cusps was involved, than in 
the rheumatic and bicuspid valves, in which the body and 
the commissures had to be repaired, as was the experi- 
ence of Weinstein and colleagues [17], Mindich and asso- 
ciates [18], and King and co-workers [19]. A correlation 
between the preoperative aortic valve gradient and late 
restenosis cannot be demonstrated within any of the 
groups, which suggests that gradient per se does not 
represent the architectural changes of the valve and the 
severity of its deformity and, therefore, the feasibility of 
its repair. Although removal of all calcium plaques is 
desirable, occasionally it may be prudent to leave a plaque 
reaching the ventricular aspect of the cusp and not critical 
to its mobility untouched, and to accept a small residual 
gradient. 

Analysis of the postrepair aortic valve hemodynamics at 
different times in the senile group showed return to 
prerepair gradient at 36 months and a gradient that was 
higher, although not quite significantly, than the prere- 
pair value at 59 months. Some limitations in the methods 
of collecting this data should be appreciated, however. 
First, the Doppler-derived estimate of aortic valve gradi- 
ent is modestly higher than the catheterization-derived 
gradient [8]. Because the Doppler-derived aortic valve 
gradient was not available preoperatively in most pa- 
tients, the gradients after repair were compared with the 
preoperative catheterization-derived gradients; therefore, 
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the calculated ratios are probably somewhat overesti- 
mated. Second, our data were collected, in part, retro- 
spectively; therefore, they lack the advantage of serial 
longitudinal measurements. Third, 25% of the late survi- 
vors died free of aortic valve-related symptoms and were 
never stucied postoperatively. Thus, in reality, the rate of 
restenosis may be lower than the figures cited. That the 
increase in aortic valve gradient was disproportionate to 
what would be expected by the relatively modest decrease 
in aortic valve area can probably be related to the postop- 
erative improvement in left ventricular function. The 72% 
7-year actuarial freedom from aortic valve-related symp- 
toms of the entire population was not significantly dif- 
ferent from the 87% calculated for the group with senile 
stenosis (Fig 9). We expect, however, that if the rheumatic 
and bicuspid groups were larger, such differences would 
probably be found. That only 3 patients in the senile 
stenosis group had symptoms consistent with aortic valve 
restenosis, and that a relatively high percentage were free 
of aortic valve-related symptoms at 5 years (87%), a 
percentage higher than would be expected by the rate of 
restenosis at the same time period, suggests that coronary 
artery disease contributed substantially to their preoper- 
ative symptomatology. 

The availability of six senile valves excised at 2 weeks, 
10 weeks, and 53 months after repair provided us the 
opportunity to study the postdebridement changes in 
these valves. Senile calcification begins in the fibrosa and 
most often is confined to this layer [22, 23] (Fig 4). 
Piece-meal removal of these placques (Fig 5) or stripping 
of the calcification-containing fibrosa (Fig 6) restores the 
hinge motion of the cusps and relieves stenosis. Once 
removed, the fibrosa does not appear to regenerate (Fig 
7). Most interesting was the finding that restenosis ap- 
pears to result from neocalcification in the myxoid zone, 
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Fig 8. Pattern of calcium distribution and deformation of the senile 
(A) and rheumatic (B) aortic valves. 


which was uninvolved before removal of the fibrosa. We 
speculate that the mechanical forces that normally are 
distributed between both the fibrosa and the myxoid layer 
are imposed solely on the relatively weak myxoid layer 
after debridement and promote fibrosis, which serves as a 
nidus for dystrophic calcification. Of interest is the rela- 


tively high incidence of aortic insufficiency (19%) occur- - 


ring after debridement in some series [24] in which the 
ultrasonic technique was used; it was not used in our 
series, and an incompetent valve did not develop in any 
patient. We speculate that this may be related to the 
preservation of the elastica in all our patients, which may 
help prevent excessive fibrosis and resultant regurgita- 
tion. The low incidence of thromboembolic complications 
supports the policy of avoiding long-term anticoagulation 
after aortic valve repair. 

Thirty-four patients (71%) were actually referred for 
advanced aortic valve disease, and aortic valve repair was 
an alternative to valve replacement. In 32 of these pa- 
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Fig 9. Actuarial freedom from aortic valve (AV)-related symptoms 
after aortic valve repair in the entire group (n= 48). Numbers above 
the abscissa indicate number of patients entering each time interval. 


tients, valvoplasty was successful. The 6-year actuarial 
freedom from aortic valve-related symptoms was greater 
than 80%, and their native aortic valve was retained for a 
mean period of 66 + 37 months. Considering the 3% to 
5% annual rate of major prosthetic aortic valve-related 
complications [14-16], each of these patients was spared 
the cumulative risk of major complication—in the range of 
15% to 25% if a prosthetic valve had been implanted. On 
the other hand, in a substantial number of patients (25% 
in our series), aortic valvoplasty is a palliative procedure 
and reoperation will be required eventually [3, 5, 12, 13]. 
The mortality rate for elective aortic valve reoperation is 
1.5% [25]. Thus, if technically feasible, restoration should 
be considered because the benefit of sparing the patient 
the attendant risks of prosthetic or tissue valve replace- 
ment for the duration of palliation may outweigh the 
reoperation-associated risks. 

Whether a diseased but asymptomatic aortic valve 
should be repaired or left untouched in patients undergo- 
ing operation for other cardiac problems is a more difficult 
dilemma and was relevant in the 14 patients who were 
referred for coronary revascularization but who also had 
mild to moderate aortic valve disease. Although the aortic 
valve was successfully repaired in all 14 patients (a pre- 
ventive intervention), its merits should be judged not 
only in view of its technical feasibility and the associated 
low risk but also by its effect on the natural history of the 
disease. Progression of mild to moderate stenosis to a 
hemodynamically significant lesion has been reported. In 
a retrospective study, Cheitlin and co-workers [26] dem- 
onstrated progression of mild to moderate aortic stenosis 
in adults by an average increase of the aortic valve 
gradient of 1.3 mm Hg per month in 50% of patients. Ina 
similar study, Wagner and Selzer [27] reported that in 
40% of their patient population, the rate of decrease in the 
aortic valve area was 0.3 cm* per year. Employing a 
noninvasive scoring method, Nitta and associates [28] 


120 SHAPIRA ET AL 


AORTIC VALVE REPAIR 


found in a prospective study that progression of aortic 
stenosis to a critical degree over a 3-year period occurred 
in 60% of patients. 

The late follow-up of the 14 patients in our series with 
mild to moderate aortic valve stenosis suggests that pro- 
gression of the disease has indeed been retarded by 
debridement. Only 2 patients (preoperative aortic valve 
gradient, 25 and 28 mm Hg) required aortic valve replace- 
ment 53 and 94 months after repair, and the other patients 
remained free from of aortic valve-related symptoms for a 
mean of 66 + 38 months. However, the long-term value of 
this procedure in prevention or retardation of progression 
of aortic stenosis and its effect on the natural history of the 
disease should be evaluated further. 
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CASE REPORTS 


Scimitar Syndrome: Cine Magnetic Resonance 
Imaging Demonstration of Anomalous Pulmonary 


Venous Drainage 
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A “scimitar” shadow was found on routine chest roent- 
genography in an asymptomatic patient. Evaluation with 
cine magnetic resonance imaging demonstrated an anom- 
alous pulmonary vein draining into the inferior vena 
cava below the diaphragm. The diagnosis of scimitar 
syndrome was confirmed and successfully repaired at 


he scimitar syndrome is a rare and complex congenital 
anomaly, the essential feature of which is partial 
anomalous pulmonary venous connection (PAPVC) of 
part or all of the right lung to the inferior vena cava (IVC). 
The PAPVC causes a curvilinear shadow adjacent to the 
right heart border on chest roentgenography, giving the 
syndrome its memorable name [1]. Additional forms of 
cardiovascular abnormalities have been described in ap- 
proximately 25% of individuals. The most common is an 
atrial septal defect (ASD). A variety of extracardiac abnor- 
malities are frequently associated with the scimitar syn- 
drome. 

Although chest roentgenography often suggests the 
diagnosis, a variety of imaging techniques have been used 
to better define the anatomy. We present a case in which 
the presence of a scimitar vein was confirmed by cine 
magnetic resonance imaging (MRI). 


A 26-year-old asymptomatic man was noted to have a 
cardiac murmur on preemployment physical examina- 
tion. There was no history of previous cardiac conditions 
or symptoms. The physical examination was normal, 
except for a grade 1/4 systolic ejection murmur at the 
pulmonary area. The chest roentgenogram was consistent 
with increased pulmonary flow. A curvilinear density 
paralleling the right cardiac border suggested a scimitar 
vein of PAPVC (Fig 1). The two-dimensional echocardio- 
gram demonstrated right ventricular enlargement with 
abnormal septal motion compatible with right ventricular 
volume overload. The remaining chambers were of nor- 
mal size and contractility. The valves appeared normal. A 
Doppler echocardiographic study indicated a left-to-right 
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operation. Cine magnetic resonance imaging may be of 
considerable value in the assessment of congenital pul- 
monary venous abnormalities and may provide an alter- 
native to more traditional invasive diagnostic techniques 
in certain circumstances. 

(Ann Thorac Surg 1990;50:121-3) 


shunt. A microbubble study also suggested an ASD. The 
electrocardiogram demonstrated right-axis deviation and 
first degree heart block. A technetium pertechnetate first- 
pass nuclear study demonstrated a left-to-right shunt of 
2.3 to 1. 

Cardiac catheterization confirmed the presence of a 
large anomalous right pulmonary vein that entered the 
IVC below the diaphragm. The oxygen saturation at this 
level was 98%. The mean right and left atrial pressures 
were equal at 7 mm Hg. An oxygen saturation curve 
confirmed left-to-right pulmonary to systemic shunt ratio 
of 1.9 to 1. Pulmonary arteriography showed PAPVC on 
the right and a secundum-type ASD. 

A thoracoabdominal aortogram was normal. Standard 
magnetic resonance imaging was performed. The scimitar 
vein could be identified but with some difficulty as there 
was little contrast with the adjacent low-signal-intensity 
lung (Fig 2). 

The PAPVC and its relationship to the IVC was then 
evaluated with a cine MRI technique. With this technique, 
the scimitar vein was well visualized, demonstrating 
excellent contrast with the adjacent lung (Fig 3). The 
real-time dynamics of the cine MRI were similar to that of 
the venous phase of pulmonary angiography. 

The patient underwent open repair of the anomalous 
right pulmonary venous drainage and closure of a secun- 
dum ASD on cardiopulmonary bypass. The ASD mea- 
sured 1.5 by 1.8 cm in diameter. The anomalous scimitar 
vein measured 1.5 by 2 cm in diameter and paralleled the 
right heart border in an intrapleural position. The vein 
joined the IVC just below the diaphragm at the level of the 
confluence of the hepatic veins. The anomalous right 
pulmonary vein was ligated at the level of the IVC, the 
pericardium posterior to the phrenic nerve was opened, 
and a side-to-side anastomosis of the vein with the left 
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Fig 1. Routine chest roentgenogram demonstrating “scimitar” partial 
anomalous pulmonary venous connection (PAPVC) coursing to the 
inferior vena cava at the level of the diaphragm. 


atrium was performed. The ASD was closed through the 
right atrium. 

The patient had an uneventful recovery and was dis- 
charged from the hospital in stable condition on the 
eighth postoperative day. 





Fig 2. Spin-echo magnetic resonance image (coronal section) with par- 
tial anomalous pulmonary venous connection (PAPVC) to the inferior 
vena cava (IVC). Note poor contrast resolution between PAPVC and 
adjacent lung. 


Fig 3. Cine magnetic resonance image (coronal section) demonstrating 
excellent conirast resolution between partial anomalous pulmonary 
venous connection (PAPVC) and adjacent lung. Infradiaphragmatic 
inferior vena cava (IVC) is also well demonstrated. 


Comment 


The first 2 cases of scimitar syndrome were reported in 
1836 [2, 3]. Since that time, approximately 150 cases have 
been reported. Most cases of scimitar syndrome are iden- 
tified by characteristic findings on routine chest roentgen- 
ography [4]. 

Although the chest roentgenogram may appear patho- 
gnomonic of scimitar syndrome, further imaging is nec- 
essary to confirm the diagnosis. In addition, further 
imaging can reveal associated anomalies, which may be 
important if surgical correction is contemplated. Arteriog- 
raphy is considered to be the most helpful study. Intrave- 
nous digital subtraction angiography [5], two-dimensional 
ultrasonography [6], and computed tomographic scans [7] 
have also been employed to evaluate PAPVC anatomy. 

Magnetic resonance imaging is the most recent advance 
in cross-sectional imaging. One reported case of scimitar 
syndrome has been evaluated by standard MRI methods 
[8]. Conventional spin-echo MRI images show little or no 
signal in blood vessels, particularly when there is rapidly 
flowing blood within the vessels. Consequently, there is 
difficulty visualizing blood vessels adjacent to lung, which 
itself returns little signal. 

Recent cine MRI imaging techniques using low-flip 
angles, gradient-refocused echoes, and short repetition 
times have provided dynamic visualization of moving 
blood simultaneously with high-resolution images. Cine 
MRI results in high-resolution anatomic images of cardiac 
chambers and major blood vessels that simulated angiog- 
raphy. The method is entirely noninvasive, and there is 
no exposure to ionizing radiation or intravenous contrast 
medium. 

In our patient, we were able to visualize the scimitar 
PAPVC and to determine its important relationship with 
the IVC and the diaphragm. The cine images of the 
anomalous vein were as good as that of the venous phase 
pulmonary arteriography. 

In summary, limitations exist in imaging mobile in- 
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tracardiac structures with current MRI technology. 
However, the cine MRI technique provides excellent 
visualization of pulmonary vascular anatomy. Although 
arteriography remains the standard for evaluation of 
complex congenital cardiac defects, the use of cine MRI 
and other noninvasive modalities may obviate the need 
for more expensive and invasive procedures in selected 
patients. 
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Disruption of a Modified Blalock-Taussig Shunt by 


Rapid Deceleration Injury 


Douglas H. Joyce, DO, and Lynn B. McGrath, MD 


Departments of Surgery, Deborah Heart and Lung Center, Browns Mills, and University of Medicine and Dentistry of New Jersey, 


Robert Wood Johnson Medical School, New Brunswick, New Jersey 


A case is presented of an 8-year-old child who had 
tension hemothorax after disruption of a modified Bla- 
lock-Taussig shunt 2 weeks postoperatively. A rapid 
deceleration mechanism was responsible for the injury. 

(Ann Thorac Surg 1990;50:124) 


omplications associated with modified Blalock- 

Taussig shunting procedures are unusual [1, 2]. 
These complications primarily consist of early and late 
graft closure and development of pulmonary vascular 
disease [3, 4]. We report a case of traumatic disruption of 
the pulmonary artery and subclavian anastomosis. 


An 8-year-old boy underwent a 6-mm Gore-Tex 
(W. L. Gore & Assoc, Flagstaff, AZ) left modified Blalock- 
Taussig shunt for severe tetralogy of Fallot with pulmo- 
nary atresia. He convalesced satisfactorily and was dis- 
missed on postoperative day 6. The family was given the 
usual instructions for limitations of physical activities such 
as bicycle riding, swimming, or rough playing for 6 weeks. 

However, 1 week after dismissal the child was playing 
on a merry-go-round, which was being rapidly turned by 
his playmates. He was thrown from the merry-go-round 
at a high speed and landed on the ground bruising his 
right knee and thigh. No apparent serious injuries were 
noted at that time. Soon after the event, the patient began 
to complain of general malaise and weakness. On return- 
ing home, he collapsed and was taken to the emergency 
department, where he became markedly unstable hemo- 
dynamically. The patient exhibited a marked decrease in 
systolic blood pressure and respiratory function. The 
chest roentgenogram showed a large fluid collection in 
the left side of the chest. A small-bore chest tube was 
placed and 80 mL of bright red blood was obtained. The 
patient’s hemodynamic status continued to deteriorate, 
and he was transferred by helicopter to our institution for 
surgical evaluation with a diagnosis of left hemothorax. 
On admission, the patient’s hemodynamic status had 
deteriorated further and he was in shock. No shunt 
murmur or breath sounds were audible in the left side of 
the thorax. Adequate venous access was obtained and 
fluid resuscitation was begun. A large-bore intrathoracic 
catheter was placed on the left side of the thorax and 800 
mL of bright red blood was obtained. The patient's 
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systolic blood pressure rose from 30 mm Hg to 120 mm Hg 
immediately on evacuation of the left side of the chest. 

The patient was taken to the operating room and the 
left side of the chest was explored. The Blalock-Taussig 
shunt anastomoses exhibited two areas of dehiscence: one 
at the distal anastomosis and one at the proximal anasto- 
mosis. The shunt was of adequate length and was widely 
patent. The tears in the pulmonary and subclavian arter- 
ies were repaired, and the patient was transferred in 
satisfactory condition to the intensive care unit. The 
patient made an uneventful recovery. 


Comment 


Acceleration and deceleration injuries are well-known 
mechanisms for tearing of vascular structures [5]. Recent 
reports have also demonstrated that this mechanism of 
injury is associated with pacemaker lead fracture [6]. This 
case demonstrates that prosthetic vascular grafts may also 
be disrupted by this mechanism. Our patient sustained 
an acceleration/deceleration injury secondary to being 
thrown from a merry-go-round at a high speed. We 
believe that this caused a tension to be applied to the 
2-week-old Blalock-Taussig shunt resulting in disruption 
of the distal and proximal anastomoses even though the 
shunt was of adequate length. This produced a life- 
threatening situation that only timely intervention pre- 
vented from being fatal. 

This case underscores the need for a strict adherence by 
patients to limitation of physical activity after surgical 
procedures of this type. It also illustrates an unusual 
mechanism for disruption of a vascular prosthesis. 
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Internal Mammary Artery Bypass After the Arterial 


Switch Operation 


Karen S. Rheuban, MD, Irving L. Kron, MD, and Annamaria Bulatovic, MD 


Departments of Pediatrics and Surgery, University of Virginia Health Sciences Center, Charlottesville, Virginia 


Myocardial ischemia may ensue after coronary artery 
translocation during the arterial switch operation. We 
report the successful use of a right internal mammary 
artery to right coronary artery bypass graft in an infant 
with angiographic documentation of persistent graft pa- 
tency 6 months postoperatively. 

(Ann Thorac Surg 1990;50:125-6) 


Gin its initial description by Jatene and colleagues [1] 
in 1976, the arterial switch operation has become an 
accepted surgical treatment of infants with d-transposi- 
tion of the great arteries. Successful translocation of the 
coronary arteries is the key to survival [2]. Coronary 
artery abnormalities, present in as many as one third of 
patients, usually do not preclude a successful outcome, as 
reported by a recent multicenter study [3]. Technical 
difficulties, however, have been encountered in infants 
with intramural passage of the left coronary artery and 
with subsequent impaired myocardial perfusion [3-5]. 

We report the successful use of a right internal mam- 
mary artery to right coronary artery anastomosis during 
the arterial switch operation in a neonate with d- 
transposition of the great arteries, a ventricular septal 
defect, and an abnormal right coronary artery. 


A 3.2-kg male infant was referred for evaluation of cyano- 
sis on the first day of life. The infant’s physical examina- 
tion, chest roentgenogram, and electrocardiogram were 
consistent with the echocardiographic findings of d- 
transposition of the great arteries, a 7-mm perimembra- 
nous ventricular septal defect, and a patent ductus arte- 
riosus. He underwent cardiac catheterization and balloon 
atrial septostomy shortly after admission. The aortic root 
injection showed normal coronary artery distribution. 
On day 9, the infant underwent the arterial switch 
operation with closure of the large perimembranous ven- 
tricular septal defect and the atrial septal defect and 
ligation of the patent ductus arteriosus. There was an 
oblique relationship between the aorta and the pulmonary 
artery. The aorta was transected just above the sinuses of 
Valsalva; the pulmonary artery was transected above its 
sinuses and was reanastomosed using the LeCompte 
maneuver. Inspection of the coronary artery anatomy 
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showed the left coronary artery to originate normally from 
the left-facing sinus of Valsalva (according to the nomen- 
clature of Gittenberger-de Groot [4]), and the right coro- 
nary artery to originate from the posterior-facing sinus of 
Valsalva. 

The right coronary artery was noted to course briefly 
within the aortic wall, exiting closer to the interostial 
commissure than normal. The left coronary artery was 
excised with a button of aortic tissue; however, when the 
right coronary artery was excised, little aortic tissue was 
available for anastomosis with the neoaorta, although the 
anastomosis was completed using 7-0 Prolene suture 
(Ethicon, Somerville, NJ). On rewarming, the inferior wall 
of the heart became cyanotic; hence, the right internal 
mammary artery was dissected free from the chest wall 
and anastomosed end-to-side to the right coronary artery. 
Myocardial perfusion improved dramatically, and the 
infant was readily weaned from cardiopulmonary bypass. 
He was discharged on the 13th postoperative day. The 
electrocardiogram showed complete right bundle-branch 
block with normal sinus rhythm at the time of discharge. 

At 5 months of age and a weight of 6.5 kg, the infant 
underwent postoperative cardiac catheterization. There 
was no residual shunt by oximetry, and the right ventric- 
ular pressure was 42/5 mm Hg with a 25-mm Hg gradient 
across the supravalvar pulmonary region at the site of the 
anastomosis. By angiography in both the aortic root and 
the right innominate artery, there was normal left coro- 
nary artery flow and widely patent anastomosis between 
the right internal mammary artery and the right coronary 
artery (Fig 1). There was no anterograde flow through the 
proximal right coronary artery from the aortic root. 


Comment 


The use of an internal mammary to coronary artery graft 
is an acceptable option for patients with myocardial isch- 
emia after coronary artery translocation during the arterial 
switch operation. Although this complication is relatively 
uncommon, it is a major cause of operative morbidity and 
mortality [2]. Anomalous coronary artery anatomy is not 
uncommon in d-transposition of the great arteries, al- 
though the arterial switch operation may be safely per- 
formed in most cases [3]. Intramural passage of a coronary 
artery is a major risk factor in coronary artery transloca- 
tion, as excision of such a vessel may not allow removal of 
a sufficient-sized button of aortic tissue surrounding the 
coronary orifice to ensure patency of the coronary artery 
after translocation to the neoaorta. 

Ebels and colleagues [6] reported the successful use of a 
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Fig 1. Injection into the right innominate artery shows prompt opaci- 
fication of the right internal mammary artery (single arrow) and its 
anastomosis to the right coronary artery (double arrow) in both the 
(A) anteroposterior and (B) left anterior oblique projections. 
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left internal mammary artery to left coronary artery graft 
when myocardial ischemia ensued after the arterial switch 
operation in an infant with an intramural left coronary 
artery. In their patient, postoperative angiography during 
the neonatal period confirmed persistent patency of the 
graft. In our patient, persistent patency of the anastomo- 
sis 5 months later, along with excellent cardiac function 
both by angiography and by echocardiography, supports 
the use of the internal mammary artery to augment 
coronary perfusion during the arterial switch operation. 
We believe this technique is faster than and preferable to 
attempted revision of the coronary anastomosis for coro- 
nary insufficiency as multiple suture lines need not be 
taken down, the internal mammary artery is readily 
accessible, and the internal mammary artery is usually 
closely matched in size to the coronary artery. 

Although the long-term fate of the right internal mam- 
mary to right coronary artery graft is unknown, we 
anticipate further growth of this vessel with growth of the 
patient. The technical expertise gleaned from advances in 
adult coronary artery surgery has helped facilitate this 
procedure and thereby allow for improved coronary per- 
fusion and myocardial function when traditional coronary 
artery translocation is not possible or has failed during the 
arterial switch operation. 
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Right Pneumonectomy Syndrome in Infancy 
Treated With an Expandable Prosthesis 


Deborah K. Rasch, MD, Frederick L. Grover, MD, Bruce M. Schnapf, DO, 
Ewell Clarke, MD, and Trevor G. Pollard, MD 


The University of Texas Health Science Center at San Antonio, San Antonio, Texas 


Severe respiratory distress developed in a 5-month-old 
infant approximately ten days after pneumonectomy for 
complete sequestration of the right lung. Right pneu- 
monectomy syndrome was diagnosed by bronchography, 
which revealed thinning and obstruction of the left main 
bronchus during expiration. A right thoracotomy was 
then performed, and an inflatable tissue expander with a 


evere mediastinal shift after right pneumonectomy has 

been described in children aged 2 months to 17 years 
[1-4]. This displacement of the heart, the great vessels, 
and the trachea can lead to bronchial stretching and 
vascular compression resulting in severe respiratory fail- 
ure. Various intrapleural prostheses have been recom- 
mended to correct the mediastinal shift and relieve the 
bronchial obstruction in adults and older children [1, 3, 5]. 
Previous prostheses, however, were not expandable and 
theoretically would have to be repeatedly replaced if used 
in an infant. We have examined a 5-month-old infant with 
bronchial obstruction after right pneumonectomy who 
was treated by an intrapleural inflatable tissue expander 
to allow for future growth. 


A 5-month-old, 6.1-kg female infant had recurrent pneu- 
monia when admitted to our hospital. She was in mild 
respiratory distress with intercostal and suprasternal re- 
tractions without cyanosis. Breath sounds were decreased 
over the entire right lung, and occasional wheezes were 
detected on the left. Cardiac examination was normal. 
Chest roentgenogram showed haziness of right lung and 
hyperinflation of left lung. Cardiac size and configuration 
were normal. Right heart catheterization showed com- 
plete sequestration and hypoplasia of the right lung with 
a severely hypoplastic right pulmonary artery. Principal 
arterial supply of the right lung originated from the 
descending aorta below the diaphragm. Right pneu- 
monectomy was performed, which was tolerated very 
well until approximately 10 days postoperatively, when 
rapidly progressive respiratory distress developed that 
required reintubation. Chest roentgenograms showed 
mild tracheal deviation with the heart and great vessels 
shifted into the right hemithorax. The child was rapidly 
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subcutaneous injection port was inserted into the right 
chest cavity to prevent recurrence of the mediastinal shift 
and to allow for future growth. The patient has done 
well, requiring reinjection of the prosthesis with addi- 
tional volume on one occasion in a 20-month period of 
follow-up. 

(Ann Thorac Surg 1990;50:127-9) 


weaned from ventilatory support and appeared to re- 
spond to bronchodilator therapy. Over the next several 
weeks, however, progressive shift of heart and mediasti- 
nal structures occurred, and increasingly frequent epi- 
sodes of severe dyspnea, cyanosis, and bradycardia de- 
veloped. Chest roentgenogram at this time showed 
marked tracheal deviation, and the heart was shifted 
against the right chest wall (Fig 1). 

To prevent occlusion of the endotracheal tube by the 
deviated tracheal wall, the bevel had to be directed 
toward the left main bronchus. Flexible bronchoscopy 
was performed to investigate suspected intermittent bron- 
chial obstruction. Because of the mediastinal shift, there 
was acute angulation of the left main bronchus-tracheal 
junction that precluded visualization of the bronchus. 
Bronchography showed the left main bronchus to be 
narrow and to obstruct during expiration (Fig 2). The 
trachea did not appear compromised nor was the obstruc- 
tion pulsatile. Because vascular compression of the left 
main bronchus and trachea has been reported as a major 
cause of respiratory compromise in children after pneu- 
monectomy [3, 4], cardiac catheterization was performed, 
which confirmed that the compression was not vascular. 

Because of increasing difficulty in ventilating the pa- 
tient, a right thoracotomy was performed. Adhesions 
were lysed between the costal and the diaphragmatic and 
mediastinal pleura, and the pericardium and mediastinal 
structures were dissected from the right chest wall. The 
pressure required to inflate the left lung decreased dra- 
matically from 40 cm H,O to 24 cm H,O and the arterial 
carbon dioxide tension decreased from 58 to 36 mm Hg, 
although there was no change in minute ventilation. A 
125-mL inflatable tissue expander (Surgitek) with a sub- 
cutaneous injection port was then inserted into the right 
pleural space and inflated with 60 mL of sterile saline 
solution. The prosthesis filled the right chest cavity and 
caused no hemodynamic changes. An additional 20 mL of 
fluid decreased systolic blood pressure by 10%, so this 
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Fig 1. Preoperative chest roentgenogram showing marked tracheal 
deviation and hyperinflation of left lung. 





20 mL of saline solution was withdrawn and the chest was 
closed. Postoperative chest roentgenograms showed the 
heart and mediastinal structures nearly returned to their 
natural position (Fig 3). 

The infant was extubated without difficulty within 24 
hours. She continued to have noisy respirations due to 
malacia of the left main bronchus, but she exhibited 
remarkable catch up growth (weight gain of 3.2 kg in the 
first 6 months after operation) and development. Five 
months after operation, increased wheezing developed in 
the infant, and she had mild mediastinal shift on chest 
roentgenography. Thirty milliliters of sterile saline solu- 
tion injected into the prosthesis corrected both problems. 
Eight months after operation, the prosthesis developed a 
leak and was replaced without complication. For a follow- 
up period of 20 months the infant has done well, with 
progressive improvement in the bronchial malacia. 


Comment 


Mediastinal shift with symptoms of tracheal compression 
(right pneumonectomy syndrome) is a rare complication 
of pneumonectomy in both adults and children. These 
symptoms are more likely to develop in infants and young 
children presumably because of increased mobility of the 
mediastinum, increased elasticity and compliance of the 
remaining lung that allows overdistention, and greater 
compressibility of the trachea and bronchi, which have 
less cartilaginous support [1, 3]. Diagnosis may be difficult 
because of the intermittent and often sudden respiratory 
distress that can mimic gastroesophageal reflux, reactive 
airway disease, vascular ring, esophageal motility prob- 
lems, or recurrent aspiration. 

Prevention or treatment of the mediastinal shift with 
various types of intrapleural prostheses has been de- 
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Fig 2. (A) Compression of left main bronchus (arrows) during expi- 
ration with complete obstruction of lumen. (B) Thinning of left main 
bronchus (arrows) but impraved lumen size during inspiration. 


scribed, but most of these were employed in older infants, 
children, or adults. Devices such as Lucite balls, Silastic 
breast implants, and testicular prostheses have been used 
with success [1, 2, 6]. It is important, however, to make 
the distinction between pneumonectomy and lobectomy 
because the infant’s lung will grow to fill the lobectomy 
space, and this process is indeed desirable. Insertion of a 
prosthesis in a lobectomy patient would be unnecessary 
as major shift of mediastinal structures does not occur and 
the prosthesis could retard growth of the ipsilateral lung. 

Insertion of a Dacron graft between the ascending and 
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Fig 3. Postoperative chest roentgenogram showing prosthesis 
(arrows) to prevent shift of mediastinal structures and improved air 
exchange to left lung with less hyperinflation. 


descending aorta with division of the aortic arch between 
the left carotid and subclavian arteries has also been 
described to treat vascular compression of the left main 
bronchus from mediastinal shift and displacement of 
heart and great vessels [4]. Suspension of the great vessels 
from the trachea and left main bronchus by suturing them 
to the posterior surface of the sternum has been at- 
tempted without success [7]. 

We elected to treat this problem with an intrapleural 
prosthesis as it appeared to be the lowest risk procedure 
with proven efficiency. Infants under 1 year of age with 
right pneumonectomy syndrome present a particular 
challenge, however, as they usually grow rapidly after a 
successful operation. The ideal prosthesis should there- 
fore be expandable. For this reason, we selected a 125-mL 
Silastic tissue expander with subcutaneous injection port 
that would allow for increases in volume without general 
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anesthesia or operation. Five months postoperatively, 
symptoms of increased respiratory distress developed in 
the infant owing to recurrence of mediastinal shift, which 
was alleviated by injection of 30 mL into the prosthesis, 
thus saving her an operation. Unfortunately, the device 
developed a leak 8 months postoperatively, requiring a 
second thoracotomy. 

In summary, right pneumonectomy syndrome is a rare 
complication of complete lung resection in children, with 
infants being at highest risk. Diagnosis depends ona high 
index of suspicion as the syndrome may mimic a number 
of other respiratory and gastrointestinal problems. Use of 
an expandable pleural prosthesis appears to correct over- 
shifting of the mediastinum and offers an advantage over 
a prosthesis with a fixed volume in the very young patient 
who will undergo a rapid growth phase. 
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Isolated Left Carotid Artery in CHARGE 
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Isolation of the left carotid artery is extremely rare. We 
report a case of isolation of the left carotid artery with 
CHARGE association. Aortic arch abnormalities should 
be looked for in all children with CHARGE association. 
The technique of repair involved implantation of the 
isolated left carotid artery to the ascending aorta. 

(Ann Thorac Surg 1990;50:130-2) 


pe on Edwards’ double-arch theory, variations of 
aortic arch branching are the result of interruption of 
the primitive double arch at an abnormal position [1, 2]. 
Rare cases of isolation could presumably be the result of 
“double breaks,” such as that yielding an isolated left 
subclavian artery or left innominate artery [3, 4]. In our 
review of the literature, there has been a single report of 
a patient with an isolated left common carotid artery that 
arose from the left pulmonary artery [4]. This dysmorphic 
child had physiologic “steal” from the cerebral circulation 
that was surgically repaired through a left thoracotomy 
with ligation of the left common carotid artery at its 
origin. 

We encountered an infant with CHARGE association, a 
complex that includes coloboma, heart disease, choanal 
atresia, growth and mental retardation, genital hypopla- 
sia, and ear anomalies [5]. In addition, the infant had a 
right aortic arch with an isolated left common carotid 
artery arising from the main pulmonary artery and thymic 
hypoplasia. She successfully underwent carotid implan- 
tation to the ascending aorta yielding complete anatomical 
correction of the vascular malformation. 


A 3.2-kg baby girl was delivered at term to a 26-year-old 
primiparous woman. Examination at birth disclosed dys- 
morphic pinnae, hypoplasia of left side of the face, left 
facial weakness, normal genitalia, and short eyelashes. 
Results of ophthalmoscopic examination were negative. 
Chest roentgenogram demonstrated a right aortic arch, 
levocardia with situs solitus, 11 ribs bilaterally, and mild 
pulmonary over-circulation. A holosystolic murmur was 
present. Two-dimensional and Doppler echocardiog- 
raphy demonstrated a patent ductus arteriosus with a 
large atrial septal defect secundum. An axial computed 
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tomographic scan of the head showed a normal brain with 
right choanal atresia. Because of feeding difficulties with 
poor suck, apnea, and episodes of cyanosis, the child 
underwent ligation of a right-sided patent ductus arterio- 
sus transpericardially through a left thoracotomy at 6 days 
of age. Intraoperatively, a vessel arising from the main 
pulmonary artery and coursing into the neck consistent 
with an isolated left carotid artery was noted. The idea of 
ligation was entertained, but it was not performed as 
further diagnostic confirmation was needed. The infant 
continued to have intermittent cyanotic episodes associ- 
ated with poor feeding. Postoperative two-dimensional 
and Doppler echocardiograms demonstrated the left ca- 
rotid artery arising from the main pulmonary artery with 
moderate shunting and aortic flow reversal. 

When the infant was 23 days of age, cardiac catheter- 
ization was performed. A left-to-right shunt was observed 
at the atrial level with a pulmonary/systemic blood flow 
ratio of 3.4 and a pulmonary arterial pressure of 40/15 mm 
Hg. Left ventriculography showed retrograde filling of 
the left common carotid artery and opacification of the 
main pulmonary artery and branches. The first branch off 
the ascending aorta was the right subclavian artery, 
followed by the right common carotid artery and an 
aberrant left subclavian artery arising from a retroesoph- 
ageal aortic diverticulum (Fig 1). Selective injection of the 
right common carotid artery with digital subtraction 
showed retrograde filling of the left carotid system (Fig 2). 
Collateral flow from the posterior circulation was not 
present on right vertebral artery injection. A single pho- 
ton emission computed tomographic brain scan showed 
segmentally decreased perfusion of the left cerebral cor- 
tex. When the infant was 6⁄2 weeks of age, the isolated 
left common carotid artery was implanted onto the as- 
cending aorta through a median sternotomy with partial 
crossclamping of the aorta (Fig 3). A 4-mm punch was 
used for the aortotomy, and a 7.0 polydioxanone suture 
was used for the anastomosis [6]. There was severe 
hypoplasia of the thymus consisting of a 1-cm-diameter 
mass of tissue with absence of the right and left lobes. A 
biopsy revealed histologically unremarkable thymic tis- 
sue. The postoperative course was uneventful without 
any recurrences of the episodes of apnea or cyanosis. A 
follow-up 1 year postoperatively revealed normal ante- 
grade flow in the left carotid artery by two-dimensional 
and Doppler echocardiography and magnetic resonance 
imaging flow studies. 
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Fig 1. The aortic arch anomalies. (AA = right aortic arch; DA = 
descending aorta; LCA = isolated left carotid artery; LPA = left pul- 
monary artery; LSA = aberrant left subclavian artery; MPA = main 
pulmonary artery; RCA = right carotid artery; RPDA = right patent 
ductus arteriosus; RSA = right subclavian artery.) 


Comment 


Right aortic arch with a congenital vascular anomaly 
resulting in the steal phenomenon is rare, and only a 
handful of cases have been reported. This report describes 
the second case of a right aortic arch with an isolated left 
common carotid artery from the pulmonary artery. Based 
on Edwards’ double-arch theory, Fong and Venables [4] 
postulated that the distal migration of the left subclavian 
artery beyond the ductus arteriosus leads to a left ductus 
that enters the left dorsal aortic root just proximal to the 
origin of the left subclavian artery. With subsequent 
disappearance of segments B and D of the left aortic arch, 
an isolated left common carotid artery and an aberrant left 
subclavian artery are produced [4]. Alternativeły, if one 
does not use the Edwards hypothesis, one would have to 
postulate that the left common carotid artery arose di- 
rectly from the pulmonary artery without an interposing 
segment of ductus arteriosus. 

In a review of the types of congenital heart disease 
found in 53 patients with CHARGE association, Lin and 
colleagues [7] reported that 42% (22/53) had a conotruncal 
abnormality. Ninety-one percent (20/22) of the eonotrun- 
cal abnormalities were tetralogy of Fallot or double-outlet 
right ventricle. Thirty-six percent of patients (19/53) had 
an aortic arch anomaly, of which 72% (13/19) had an 
aberrant subclavian artery. Aortic arch abnormalities are 
common in CHARGE association, and this case demon- 
strates that isolation of the left carotid artery should be 
included in the spectrum of symptomatic anomalies. 
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Diagnosis of such vascular anomalies may not be ap- 
parent initially, but they should be considered in infants 
with CHARGE association. Physical examination, chest 
roentgenography, barium swallow, and echocardiog- 
raphy may alert the physician to the presence of sympto- 
matic variations of the great vessels at birth. However, the 
definitive diagnosis can only be made with aortography 
and selective arteriography of the great vessels. Late 
retrograde filling of the left common carotid artery and 
opacification of the pulmonary artery are diagnostic of an 
aberrant left common carotid artery arising from the 
pulmonary artery. 

We have described a new surgical technique for ana- 
tomical correction of left-to-right shunting and the subse- 
quent steal from the cerebral circulation. Previously re- 
ported surgical repair was simple ligation of the left 
common carotid artery at its origin based on the assump- 
tion that the cerebral circulation would be adequately 
perfused through the right common carotid artery and the 
posterior circulation. In our patient, a single photon 
emission computed tomographic brain scan showed hy- 
poperfusion thought to be leading to ischemia of the left 
brain, and subsequent ligation of the left common carotid 
artery was believed to be hazardous. Therefore, through a 
median sternotomy, the carotid artery was implanted 





Fig 2. Digital subtraction angiogram of the right carotid artery injec- 
tion. (LCA = isolated left carotid artery; LPA = left pulmonary ar- 
tery; MPA = main pulmonary artery; RCA = right carotid artery.) 
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onto the aortic arch to achieve a superior physiological 
result. 


Our experience supports anatomical correction with 
aortic implantation of the isolated great vessel as the 
procedure of choice in symptomatic infants with isolation 
of a great vessel creating a steal phenomenon. 
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Fig 3. (A) Intraoperative view of isolated left carotid artery location 
before repair. (B) View after repair showing anastomosis of the left 
carotid artery to the ascending aorta. (Ao = ascending aorta; CA = 
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Retrotracheal Goiter: A Diagnostic and 


Therapeutic Problem 
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A patient with chronic cough and recent dysphagia was 
found to have a retrotracheal mass extending into the 
visceral mediastinum on chest roentgenogram. A com- 
puted tomographic scan confirmed a retrotracheal lesion, 
which was believed to be of lymphatic origin. A thyroid 
scan demonstrated downward displacement of the left 
lobe but little uptake in the mass. Histological findings 


hyroid masses extend into the thorax in approxi- 

mately 6% of patients and up to 15% of these are 
malignant [1]. The majority are immediately retrosternal, 
and such patients usually are seen because of pressure 
symptoms. Goiters extending in the retrotracheal plane 
are uncommonly reported [2, 3] as 90% of masses in this 
region are neurogenic in origin, the remainder being 
mostly vascular. This report highlights the investigative 
difficulties associated with retrotracheal goiters and the 
importance of accurate diagnosis with regard to approach 
to treatment. 


A 69-year-old male patient was observed to have a non- 
productive cough associated with dyspnea on exertion 
and recent dysphagia for solid foods. Clinical examination 
revealed tracheal deviation to the right side. Chest roent- 
genogram demonstrated a soft tissue mass to the right of 
the midline in the upper visceral mediastinum pushing 
the trachea forward (Fig 1). Full blood count; thyroid and 
liver function tests; and levels of urea and electrolytes, 
serum calcium and phosphate, serum a-fetoprotein, £- 
human chorionic gonadotropin, and carcinoembryonic 
antigen were all normal. An arch aortogram was normal. 
A computed tomographic (CT) scan of the mediastinum 
showed that the mass extended above the sternal notch, 
behind and to the left of the trachea and downward in the 
retrotracheal region toward the subcarinal area. It ap- 
peared well defined and encapsulated, and the CT scan 
appearances were believed to favor a diagnosis of meta- 
static mediastinal lymphadenopathy (Fig 2). A radioio- 
dide thyroid scan demonstrated displacement of the right 
lobe of thyroid to the right, whereas the lateral aspect of 
the left lobe was displaced downward with little uptake of 
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of mediastinal biopsies were inconclusive. A large retro- 
tracheal thyroid adenoma was easily excised through a 
right thoracotomy. The approach to diagnosis and, in 
cases of doubt, the safety of surgical access through 
thoracotomy for thyroid lesions in this unusual site is 
discussed. 

(Ann Thorac Surg 1990;50:133-5) 


isotope in the area of the mediastinal mass. Bronchoscopy 
showed a narrowed trachea compressed from behind. 
Multiple biopsy specimens taken at mediastinoscopy ap- 
peared benign with some evidence of capsular tissue. 

As CT scans favored mediastinal lymphadenopathy 
and as radioisotope scintigraphy was not completely 
conclusive, a right thoracotomy was performed through 
the fourth intercostal space. A large well-encapsulated 
tumor extended from the left side between the trachea 
and esophagus, compressing both these structures. After 
ligation of the blood supply through the upper pedicle, 
the mass was completely excised without difficulty. His- 
tological analysis showed a large microfollicular adenoma 
of the thyroid with marked degenerative changes, but no 
malignancy was noted. 


Comment 


Thyroid lesions extending into the retrotracheal plane are 
uncommon. Accurate preoperative diagnosis is important 
in the management of this condition. Appropriate diag- 
nostic methods are discussed in recent publications [4, 5], 
which suggest that radioisotope scanning may be mis- 
leading and that CT scanning is often a more accurate tool 
in diagnosis. Homogenicity, calcification in the mass, and 
demonstration of a connection with the cervical thyroid 
are considered diagnostic features on CT scan. Neither of 
these investigations proved to be diagnostic in our pa- 
tient, the CT appearances being in favor of mediastinal 
lymphadenopathy. However, on retrospective review of 
the CT scans in this case it seems that detailed assessment 
of the junctional zone between the mass and the cervical 
thyroid was not possible, the highest cut being just above 
the sternoclavicular joints (Fig 2). 

The surgical approach to excision of intrathoracic goi- 
ters can vary. Most can be excised through a cervical 
incision. However, in the few reports on retrotracheal 
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Fig 1. (A) Posteroanterior chest roentgenogram showing the mass in 
the upper visceral mediastinum to the right of the midline and which, 
on the lateral view (B), is displacing the trachea forward. 


goiter [2, 3], a thoracotomy was performed on most 
patients to allow full access to the mass. Although the 
goiter in our report probably could have been removed 
through a cervical approach, the decision to use a thora- 
cotomy was largely based on the inconclusive outcome of 
the preoperative investigations. A cervical incision would 
not be adequate to deal with an isolated thyroid lesion in 
the mediastinum, as such lesions usually derive their 
blood supply from an intrathoracic source. Both CT and 


Fig 2. Computed tomographic scan demonstrating the lack of defini- 
tion of a connection between the mediastinal mass and the cervical 
thyroid gland. 


radioisotope scans were unable to demonstrate a definite 
connection. between the mass and the cervical thyroid in 
this patient. Isolated thyroid lesions have been described 
in the tracheal wall [6, 7], in the intracardiac area [8], and 
in the larynx, esophagus, aorta, and pericardium [9]. 

Precise Ciagnosis of the nature and site of the mass and 
the presence of communication with the cervical thyroid 
are therefore of great importance in the management of 
this condition. Our patient illustrates the problem in 
establishing these preoperative criteria and highlights the 
importance of accurately demonstrating the relationship 
of the mass to the thyroid gland using CT scanning in the 
investigation of retrotracheal masses. Although radioiso- 
tope scanning is known to be a useful test for delineating 
the presence of functioning thyroid tissue in the medias- 
tinum, CT scanning can provide additional and often 
better anatomical information [10]. Thoracotomy or me- 
dian sternotomy is probably the best surgical approach for 
cases in which diagnostic confusion exists. If the patient is 
comprehensively investigated to exclude neurological and 
vascular disorders and is being managed in a unit with 
expertise in this area of surgery, thoracotomy or median 
sternotomy should result in a satisfactory outcome. How- 
ever, CT scanning should allow accurate diagnosis in the 
majority of patients. 
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Vascular Surgery, Third Edition 
Edited by Robert B. Rutherford 
Philadelphia, W.B. Saunders, 1989 
1,912 pp, illustrated, $195.00 


Reviewed by A. M. Graham, MD, FRCS(C) 


The third edition of the textbook, Vascular Surgery, edited by Dr 
Rutherford, has undergone a major reorganization from previous 
editions, as well as having numerous additions. These changes 
parallel the expanding and exciting field of vascular surgery. The 
textbook offers ar. international flavor throughout its reading, in 
that the authors come from all corners of the world, which 
provides an expanded view of a number of problems that we deal 
with, 

The organization of each section of the text has been markedly 
improved so that the reader is able to review one area quite nicely 
without having to scatter throughout the book. Each section 
editor has done a good job in leading the reader through the 
subject matter in an elegant manner. 

The additions to the text include an expanded area in basic 
science with respect to atherosclerosis and its pathogenesis, as 
well as an expansion and reorganization of the common compli- 
cations that are seen in vascular surgery. Up-to-date topics 
involving “state-of-the-art” investigative instrumentation are 
presented involving review of magnetic resonance imaging, laser 
Doppler, and vascular imaging techniques such as the duplex 
scan and positron emission tomography. 

The major strength of this textbook is the fact that the authors 
are truly world experts in their fields. Examples of this are 


discussions of arterial autographs and endarterectomies by Dr 
Stoney, the chapter of in situ bypass grafts by Dr Leather, and of 
course the excellent review of the management of extracranial 
cerebrovascular disease by Dr Moore. 

The editorial staff and the Section Chiefs in the textbook have 
been able to improve the consistency of the chapters within each 
section. The previous problem of inconsistent chapter authorship 
has been minimized, undoubtedly through very strict editorial 
review. However, within an extensive book such as this, a critical 
eye will find faults. One of these faults, I believe, lies in that 
certain areas are not covered very extensively and could easily be 
improved upon. One of these areas is with respect to the role of 
endarterectomy in aortorenal and aortoiliac occlusive disease. 
Although not performed frequently in many centers, it is still an 
important procedure for all vascular surgeons to be up to date on. 
Another area in that respect involves endovascular procedures. 
The role of laser probes, artherectomy devices, and intravascular 
stents has yet to be properly defined, but because of the intense 
interest in them at this time, further discussion in this textbook 
would be appropriate. The preface of the text justifies the limited 
coverage of this, but I feel an expanded chapter would be 
suitable. 

In summary, this textbook is truly a delight to read and this 
new edition has strengthened its role as the premiere information 
source for both the vascular surgeon and the trainee. It is highly 
recommended as the multiple-author method has been refined 
within this edition. 
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Severe Hemolysis After Incomplete Mitral 


Valve Repair 
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We report 2 cases of severe intravascular hemolysis after 
mitral valve repair using a Duran annuloplasty ring. In 
both patients residual mitral regurgitation was present, 
hemolysis was severe enough to warrant a second oper- 
ation, and hemolysis ceased immediately after the sec- 
ond operation. We believe that a high-velocity regur- 
gitant jet directed toward the cloth-covered annuloplasty 
ring was responsible for the hemolysis in both patients. 

(Ann Thorac Surg 1990;50:136-7) 


Ka reports suggest that mitral valve repair may be 
associated with a lower long-term morbidity and 
mortality than mitral valve replacement [1]. As reparative 
operations become more common, unusual complications 
such as hemolysis will likely be reported more frequently. 
Intravascular hemolysis has been reported with a variety 
of postoperative lesions. Some degree of hemolysis can 
occur with normally functioning mechanical prostheses, 
the severity of which varies with the prosthetic design [2]. 
Severe hemolysis has been associated with paraprosthetic 
regurgitation and has occurred after attempts to repair 
these defects [3]. Hemolysis has been reported with 
damaged or calcified porcine prosthetic leaflets [4] and 
with bent valve struts [5]. It has also been reported after 
an attempt to repair torn mitral chordae [6]. We are aware 
of only one previous report of severe hemolysis after 
mitral valve repair using an annuloplasty ring, and in that 
case there was a dehiscence of the annuloplasty ring [7]. 
In our 2 patients, the annuloplasty ring was well seated at 
repeat operation. 


Patient 1 


A 71-year-old man with chronic mitral regurgitation due 
to myxomatous degeneration of the mitral valve under- 
went valve repair because of increasing symptoms of 
dyspnea on exertion and evidence of ruptured chordae 
tendineae on echocardiography. Preoperative angiogra- 
phy demonstrated 3+ to 4+ mitral regurgitation and a 
clinically significant lesion in the left anterior descending 
coronary artery. Exploration of the valve revealed rup- 
tured chordae to the posterior leaflet. The valve was 
repaired by quadrangular resection of the posterior 
leaflet, repair of the torn chordae, and annuloplasty with 
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a No. 33 Duran ring. The lesion in the left anterior 
descending coronary artery was bypassed with an inter- 
nal mammary artery graft. Intraoperative Doppler echo- 
cardiography after the surgical repair showed a small 
regurgitant jet at the medial aspect of the repair. 

Two months after operation, a severe anemia was 
detected. The hemoglobin level had fallen from 0.1 g/L 
(0.01 g/dL) at discharge to 0.076 g/L (0.0076 g/dL). His 
peripheral smear showed schistocytes; he had gross he- 
moglobinuria, the lactic dehydrogenase level was ele- 
vated, and the haptoglobin level was low. A diagnosis of 
intravascular hemolysis was made. Postoperative Doppler 
examination showed only mild mitral regurgitation with a 
medially directed regurgitant jet. Repeat catheterization 
showed 2+ mitral regurgitation. Because of unremitting 
hemolysis requiring multiple transfusions, he underwent 
replacement of the mitral valve with a Medtronic-Hall 
prosthesis. 

Inspection of the annuloplasty ring at operation 
showed no evidence of dehiscence, but the area of the 
annuloplasty ring adjacent to the medial commissure 
showed no endothelization. Immediately after operation 
the hemolysis ceased. 


Patient 2 


A 25-year-old woman was admitted with congestive heart 
failure to an outside hospital. She had a history of 
rheumatic fever, but before this hospitalization she re- 
ported only mild dyspnea on exertion. A Doppler 
echocardiogram showed mitral stenosis with estimated 
valve area of 2.6 cm? and severe mitral regurgitation. 
Cardiac catheterization demonstrated mitral stenosis with 
an estimated valve area of 2.5 cm* and 3+ mitral regurgi- 
tation. The coronary arteries were normal. 

Mitral valve repair by placement of a No. 29 Duran 
annuloplasty ring was undertaken. After placement of the 
ring, an intraoperative Doppler echocardiogram showed 
that mitral regurgitation was still present but it was 
believed to have been markedly improved. 

Immediately after operation, the patient had severe 
hemolysis with gross hemoglobinuria, and her hemoglo- 
bin level fell from 0.098 g/L (0.0098 g/dL) to 0.064 g/L 
(0.0064 g/dL) over a period of 5 days. The haptoglobin 
level was low, and the lactic dehydrogenase and bilirubin 
levels were elevated. Schistocytes were present on the 
peripheral smear. The patient underwent a second repair 
of the valve. Inspection showed that although the annu- 
loplasty ring was well seated, it did not provide mitral 
competence. It was replaced with a smaller (26-mm Car- 
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pentier Edwards) annuloplasty ring. After the second 
operation, residual regurgitation was eliminated and the 
hemolysis ceased. 


Comment | 


Intravascular hemolysis has been reported in a variety of 
postoperative settings: after placement of prosthetic 
patches for repair of congenital defects [8], with various 
mechanical valves [2], and with paraprosthetic leaks [3]. 
We are aware of only 4 other patients in whom hemolysis 
was reported in association with mitral valve repair [7, 9, 
10], of which only 1 patient had placement of an annulo- 
plasty ring. Hemolysis has been said to be a marker for 
ring dehiscence [10]. Our 2 patients demonstrate that 
intravascular hemolysis can occur in association with 
cloth-covered rings that are appropriately seated. We 
suggest that whenever a regurgitant jet of sufficient ve- 
locity hits a prosthetic device, hemolysis may occur. This 
may occur even in the presence of an adequate repair, as 
in our first patient. The possibility of severe hemolysis as 
a consequence of incomplete repair should make sur- 
geons wary of accepting anything less than the most 
trivial mitral regurgitation as an acceptable result after an 
operative repair. Alternatives such as suture techniques 
for decreasing the valve orifice size avoid the use of a 
cloth-covered ring and may be useful in preventing this 
complication. 
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Extended En Bloc Resection of a Primary 


Mediastinal Parathyroid Carcinoma 
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Richard W. Suda, MD 
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Texas M.D. Anderson Cancer Center, Houston, Texas 


Parathyroid carcinoma is a rare endocrine tumor infre- 
quently seen in the mediastinum. This report describes a 
patient who underwent en bloc resection of a primary 
mediastinal parathyroid carcinoma. The tumor origi- 
nated from the thymus and extended from the aortic arch 


wo percent of normal parathyroid glands are located 

in the superior mediastinum [1] and often are con- 
tained within the thymus. Primary parathyroid carcinoma 
(PC) has been rarely described in this location and often 
ineffectively treated with chemotherapy or radiation ther- 
apy. Surgical resection of cervical PC [2] and even isolated 
foci of metastases [2, 3] has provided patients with opti- 
mal local control, attenuation of hypercalcemia, pro- 
longed disease-free survival, and occasionally cure. Re- 
gardless of location, the surgical treatment of primary PC 
should be complete resection of all parathyroid- 
containing tissue at the first operation. This report de- 
scribes a patient who had primary PC of the mediastinum 
and underwent an extended en bloc resection of his 
tumor. He remains disease free with normal serum cal- 
cium and parathyroid hormone levels at 9 months. 


Progressive shortness of breath, hoarseness, severe dys- 
phagia, and a neck mass developed in a previously 
healthy 47-year-old man over 6 months. On examination, 
the mass extended from the inferior portion of the thyroid 
cartilage to below the thoracic inlet and laterally to the 
anterior border of each sternocleidomastoid muscle. The 
mass was not pulsatile and did not produce an audible 
bruit. The left vocal cord was paralyzed. The remainder of 
the patient’s physical examination was normal. His past 
medical and surgical history was unremarkable. A chest 
roentgenogram (Fig 1) demonstrated an anterior and 
central mediastinal mass compressing the trachea extend- 
ing through the thoracic inlet. Serum calcium level was 
4.38 mmol/L (17.6 mg/dL) and decreased with hydration 
and diuretics to 2.8 mmol/L (11.3 mg/dL). The level of 
immunoreactive C-terminal parathyroid hormone was 
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to the thyroid; local invasion suggested malignancy. En 
bloc resection of this carcinoma with all surrounding 
tissue provided local control of the tumor and relief of 
symptomatic hypercalcemia. 

(Ann Thorac Surg 1990;50:138-40) 


6,500 pg/mL (normal, <50 to 350 pg/mL). A chest com- 
puted tomographic scan (Fig 2) showed a superior medi- 
astinal mass extending from the inferior border of the 
thyroid posteriorly to each side of the trachea and inferi- 
orly to the level of the aortic arch. The tumor abutted the 
right posterolateral half of the trachea and the right main 
bronchus causing substantial narrowing of the trachea. 
No serious mediastinal or hilar adenopathy was noted. A 
barium swallow demonstrated displacement of the cervi- 
cal esophagus to the right. No esophageal mucosal abnor- 
malities were noted. A thyroid scan, bone scan, and 
computed tomographic scan of the abdomen were nor- 
mal. 

An incisional biopsy of the mass revealed PC. Immu- 
noperoxidase studies showed immunoreactivity for para- 
thyroid hormone and chromogranin in neoplastic cells. 
Broad bands of dense fibrosis and an infiltrative growth 
pattern were indicative of PC; however, mitotic activity 
and vascular invasion were lacking. A bilateral neck 
exploration and en bloc resection encompassing thyroid, 
thymus, and a large anterior mediastinal PC was per- 
formed through a collar incision and median sternotomy 
(Fig 3). The mass was cystic and multilobulated, and 
appeared to arise from the thymus gland. The mass 
extended from the aortic arch to the thyroid gland and 
surrounded the anterior three quarters of the trachea. The 
left recurrent laryngeal nerve was encased with tumor 
and was removed; the right recurrent laryngeal nerve was 
displaced laterally in the neck but was free from tumor. 

Histological study (Fig 4) demonstrated a diffusely 
infiltrative tumor composed of islands and trabecula of 
cytologically bland cells with clear cytoplasm. Broad 
bands of sclerotic connective tissue were associated with 
the infiltration. No mitotic activity or vascular invasion 
was observed. Two lymph nodes were free of metastatic 
disease. All margins were tumor free. 

Postoperatively serum calcium level dropped to a nadir 
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Fig 1. Chest roentgenogram showing a large mediastinal mass extend- 
ing to the thoracic inlet. Compression of the trachea is noted. 


of 1.86 mmol/L (7.5 mg/dL) and increased to 2.19 mmol/L 
(8.8 mg/dL) with oral calcium supplementation before 
discharge. The patient’s postoperative immunoreactive 
C-terminal parathyroid hormone level was 230 pg/mL. He 
was discharged after 8 days on a daily regimen of 0.15 mg 
of oral thyroxine. The patient underwent prophylactic 
mediastinal irradiation (60 Gy over 6 weeks) and is alive 
and well 8 months after his operation. Currently his 
immunoreactive C-terminal parathyroid hormone level is 
170 pg/mL (N-terminal parathyroid hormone, 11 pg/mL 
[normal range for men, 4.0 to 19.0 pg/mL]; pancreatic 
polypeptide, 40 pg/mL [normal range, 0.0 to 150 pg/mL)); 
and the level of serum calcium is 2.16 mmol/L (8.7 mg/dL) 
with no calcium supplements. 





Fig 2. Computed tomographic scan of the upper thorax at the level of 
the sternal notch. A large contrast-enhancing lobulated multicystic 
mass obliterates the anterior mediastinum, encircles the trachea, and 
partially obstructs the esophagus. 
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Fig 3. Resected specimen. Fibroadipose tissue was infiltrated by a 
solid and multicystic grey-tan tumor that extended to the aortic arch. 
The cysts were focally lined by blunt papillary projections and con- 
tained hemorrhagic fluid. The thyroid was unremarkable and the thy- 
mus, atrophic. 


Comment 


The best treatment of primary PC remains surgical resec- 
tion [2]. Isolated metastases also may be resected to 
enhance survival and control hypercalcemia [2, 3]; multi- 
ple metastases may not be as amenable to surgical resec- 
tion. Chemotherapy and irradiation alone or as adjuvant 
therapy are often ineffective in controlling symptomatic 
hypercalcemia from unresectable primary PC or metasta- 
ses [3]. 

Parathyroid carcinoma within the mediastinum is not 
frequently observed. Kastan and colleagues [4] described 
a 57-year-old woman with a fifth supernumerary parathy- 
roid gland carcinoma identified as a mediastinal mass that 
was successfully resected through a sternotomy. Hyper- 
calcemia and increased parathyroid hormone levels had 
persisted despite prior neck exploration with 3/2 normal 
parathyroid glands removed. Murphy and co-workers [5] 
described a 51-year-old man who had a nonfunctional 
parathyroid carcinoma (normal levels of immunoreactive 
C-terminal parathyroid hormone, calcium, phosphorus, 
and creatinine) with a large mediastinal mass. Exploration 
demonstrated the tumor adherent to the esophagus and 
the trachea. After treatment with radiation therapy (50 Gy 
in 20 treatments) and chemotherapy (cyclophosphamide, 
methotrexate, mitoxandrone, and lomustine), some im- 
provement was noted. 
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Fig 4. Hematoxylin and eosin preparation of resected x 
specimen. High-power magnification demonstrates 
nests of clear cells showing focal anisonucleosis but no 
mitotic activity. Associated bands of sclerotic connec- 
tive tissue are present. 


In our patient, the tumor was malignant as demon- 
strated by its invasive clinical characteristics at operation. 
The central thymic location of the tumor and its extension 
inferiorly to the aortic arch and superiorly to the thoracic 
inlet support the anterior mediastinum as the originating 
site of this neoplasm. 

The principles of resection of primary PC are constant 
whether the tumor is limited in location to the neck, to the 
thorax, or as isolated metastases. En bloc resection of PC 
with histologically confirmed tumor-free margins pro- 
vides the patient’s best chance for cure. Despite large, 
bulky intrathoracic disease, aggressive resection with 
wide local excision of this mediastinal PC has provided 
substantial palliation and disease-free survival to this 
patient. 
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Right Atrial Perforation by a Temporary Epicardial 


Pacing Wire 


Julian A. Smith, FRACS, and James Tatoulis, FRACS 
Department of Cardiothoracic Surgery, The Royal Melbourne Hospital, Parkville, Victoria, Australia 


Cardiac perforation by an epicardial pacing wire is an 


extremely rare event. A case of right atrial perforation 


occurring 10 hours after coronary artery bypass grafting 
is reported. Another cause of bleeding and cardiac tam- 
ponade after cardiac operation is therefore illustrated. 

l (Ann Thorac Surg 1990;50:141-2) 


i iets atrial or ventricular pacing wires are often 
applied to the epicardium during cardiac operations 
{1]. They are placed in position to aid in the management 
of various arrhythmias and heart block or as a prophylac- 
tic measure should these problems develop during the 
postoperative period. The atria or ventricles alone or both 
chambers sequentially may be paced through unipolar or 
bipolar wires. Few problems have been reported with this 
form of cardiac pacing. 

We report a case of right atrial perforation by a tempo- 
rary bipolar epicardial pacing wire that occurred 10 hours 
after the completion of coronary artery bypass grafting. 


A 67-year-old man with increasing angina pectoris due to 
triple-vessel coronary disease underwent coronary artery 
bypass grafting in February 1989. The patient's left inter- 
nal mammary artery was grafted to the left anterior 
descending coronary artery, and reversed saphenous vein 
was grafted to the obtuse marginal and posterior descend- 
ing arteries. 

The patient was weaned off cardiopulmonary bypass 
with ease. His rhythm was sinus but relatively slow at 50 
to 60 beats/min. A Westmed bipolar pacing wire (West- 
med International Ltd, Osborne Park, Western Australia; 
Fig 1) was placed on the right atrium for atrial pacing to 
increase his heart rate. The coil was placed in position just 
below, lateral to, and posterior to the tied off portion of 
the right atrial appendage after the venous cannula was 
removed. 

The rest of the procedure was routine and the patient 
was transferred to the postoperative intensive care ward 
for monitoring. The initial postoperative course was un- 
eventful with sinus rhythm, normal blood pressure, and 
small amounts of mediastinal drainage (25 to 50 mL/h). 

Ten hours after completion of the operation, the patient 
began to bleed in increasing amounts from his mediastinal 
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drainage tubes. This was associated with systemic hypo- 
tension and a reduction in his urinary output. A sharp rise 
in right atrial pressure from 8 to 20 mm Hg was noted. 
The pulmonary artery wedge pressure remained at 14mm 
Hg. A diagnosis of right atrial tamponade was made, and 
the patient was returned to the operating theater for 
reexploration. 

The sternotomy was reopened, and widespread ooze 
was noted from the extrapleural tissues. On reopening 
the pericardium, a large amount of blood clot and blood, 
approximately 300 mL, was found overlying and tampon- 
ading the right atrium. The clot was removed, exposing 
the bipolar epicardial pacing wire. The distal electrode 
had perforated a thin segment of the right atrial wall 
leaving a 1- to 2-mm hole from which there was brisk 
bleeding. Opposite the second or proximal electrode, 
there was denudation and marked thinning of the right 
atrial wall with impending perforation or rupture (Fig 2). 

The pacing wire was removed. The right atrial perfora- 
tion was repaired with interrupted sutures of 6-0 Prolere 
(Ethicon, Somerville, NJ), and the other area of weakness 
was similarly reinforced. The grafts, anastomoses, and 
cannulation sites were all checked and were found to be 
intact. The left pleural space was explored and contained 
no retained blood or clot. Drains were placed into the left 
pleural space and behind the sternum, and the chest was 
closed in the routine fashion. 

The patient’s postoperative recovery was complicated 
by acute renal dysfunction with his serum creatinine level 
peaking at 500 umol/L (5.7 mg/dL) (normal, 50 to 110 
umol/L) but subsequently returning to the normal range 
after 5 days. He was discharged home on the 11th 
postoperative day. 


Comment 


Reported complications of temporary epicardial pacing 
include the infection [2, 3] and migration [4] of retained 
wires and hemopericardium on wire removal [5]. We now 
report early postoperative bleeding related to the use of 
temporary pacing wires. 

The Westmed bipolar pacing coil was designed and 
developed to sit on or against the epicardial surface of the 
heart. Normally, for atrial pacing, the coil sits against the 
lateral wall of the right atrium, between it and the 
pericardium laterally. For ventricular pacing, the coil lies 
against the inferior wall of the right ventricle, between it 
and the diaphragmatic pericardium. Good pacing and 
threshold characteristics have been obtained in these 
positions. A theoretical advantage is that the Westmed 
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Fig 1. The Westmed temporary bipolar epicardial pacing coil. 


pacing coil does not have to penetrate the myocardial 
tissue to make contact. 

We have confirmed the good pacing characteristics, but 
migration out of desired locations may occur with the 
potential problem of losing pacing contact or interfering 
with a graft. Usually the pacing coil is sutured to the 
parietal pericardium opposite the site of desired contact to 
maintain position. 

In this case, the pacing coil was placed against the right 
atrial wall to ensure that good myocardial contact was 
maintained by the two electrodes with a low threshold. 
The distal electrode eroded through a thin portion of 
atrium and the proximal electrode had markedly denuded 
the surface of the right atrium with impending perforation 
of this site too. This complication occurred as a delayed 
event in the early postoperative period with the onset of 
heavy bleeding 10 hours after operation. 


Ann Thorac Surg 
1990;50:141-2 






THROMBUS COMPRESSING 
RIGHT ATRIUM 


PERFORATION 


DENUDATION 


Fig 2. The right atrial perforation and denudation with associated 
thrombus tamponading the chamber. (AO = aorta; RV = right ven- 
tricle.) 


Thus far, we have used over 150 Westmed temporary 
pacing coils without any complications. Subsequent to 
this case, we warn against placing the coil close or 
opposite to excessively thin areas of atrial wall if the coil is 
to be used for atrial pacing. 
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Use of Glue Without Graft Replacement for Type A 


Dissections: A New Surgical Technique 
Jean-Nöel Fabiani, MD, Victor A. Jebara, MD, Alain DeLoche, MD, and 


Alain Carpentier, MD, PhD 


Service de Chirurgie Cardic-vasculaire, Hôpital Broussais, Paris, France 


A new surgical technique for treating type A aortic 
dissections is described. It consists of the exclusive and 
extensive use of surgical glue without replacing a seg- 
ment of the ascending aorta. Since 1984, 21 patients were 
operated on using this technique. No operative mortality 
occurred and one reoperation for redissection was re- 
quired. The technique is simple and safe and yields 
excellent short-term and long-term results. 

(Ann Thorac Surg 1990;50:143-5) 


he introduction of surgical glue (gelatin-resorcin- 

formalin) in the treatment of ascending thoracic 
aortic dissection by Guilmet and co-workers [1] consti- 
tutes an important advance in the surgical treatment of 
this disease. In fact, surgical glue offers reinforcement of 
tissues, which become tough and resistant, allowing the 
Dacron tube to be sutured without tissue disintegration 
and avoiding major intraoperative or postoperative hem- 
orrhage. We have used surgical glue at Hôpital Broussais 
since 1981, and we were very satisfied with the quality of 
tissue reinforcement and resistance it offered. In 1984, we 
started using a new technique to treat ascending thoracic 
aortic dissection consisting of isolated extensive tissue 
gluing without prosthetic graft interposition. We hereby 
describe the surgical procedure. 


Technique 


A femoral artery is exposed and cannulated after heparin- 
ization. Median sternotomy is then performed and 2 
venae cavae cannulas are inserted. Cardiopulmonary by- 
pass is started and the patient is cooled to 18°C. The aorta 
is clamped and right atrial retrograde cardioplegia is 
injected. A longitudinal aortotomy (Fig 1) is then per- 
formed and the site of the intimal tear is inspected. The 
operative field is kept dry with wall suction and walled off 
with sponges. In the meantime three to four tubes of 
surgical glue are being warmed up to 37° to 40°C. 

The aortic valve is then examined, and if aortic insuffi- 
ciency exists the valve is replaced or resuspended de- 
pending on the surgeon's judgment. If the dissection 
extends to the distal transverse aortic arch or if the intimal 
tear is not in the proximal ascending aorta, then circula- 
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tory arrest is performed. The patient is put in the Tren- 
delenburg position and the pump output is gradually 
decreased and then stopped. The aortic cross-clamp is 
removed and the aortotomy is prolonged onto the trans- 
verse arch (Fig 2). In case dissection extends into the 
descending aorta glue is injected between the dissected 
aortic layers and a towel is inserted into the lumen to 
apply both layers together. Similarly glue is also injected 
between both layers of the dissected aortic arch, ard 
transverse pouches are constructed as shown in Figure 3. 
Vascular clamps (bulldogs) are applied on the glued aorta 
for about 5 minutes. The intimal tear is then sutured and 
the aortotomy is closed. Noteworthy is the fact that the 
treated aortic layers become thicker, tougher, and more 
resistant, thus suture lines hold well and no tearing 
occurs. An aortic cannula and a suction needle are then 
inserted in the ascending aorta. The pump is turned on 
and air is evacuated. The operation is terminated in a 
standard fashion. 

The use of gelatin-resorcin-formalin glue requires cer- 
tain precautions: (1) a totally dry field, (2) glue tempera- 
ture between 37° and 40°C, and (3) a small quantity (0.5 





Fig 1. Longitudinal aortotomy on the ascending aorta and supracom- 
missural intimal tear. 
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Fig 2. Aortotomy extended to the transverse aortic arch. 


mL) of a polymerizing agent (formalin 9:10 and glutaral- 
dehyde 1:10) must be added to the glue in situ and the 
compound thoroughly mixed (30 to 45 seconds) with a 
forceps to obtain a dense, adhesive, honey-like agent. 





Fig 3. Gelatin-resourcin-formalin glue is injected between both layers 
of the aorta, transverse pouches are constructed, and clamps are ap- 
plied to hold both layers together. 
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Fig 4. Control angiogram 18 months postoperatively. Gluing of both 
the ascending aorta and the transverse arch had been performed on 
this 77-year-old patient with a perfect result. 


Results and Comment 


Since 1984, 21 patients with ascending thoracic aortic 
dissection were operated on successfully using this tech- 
nique, the preliminary results of whom were reported 
elsewhere [2]. However, of note are the following: after 
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resumption of cardiopulmonary bypass no bleeding or 
redissection occurred in any case. Bleeding was not a 
major problem intraoperatively or in the postoperative 
period. Cross-clamp time ranged from 25 to 62 minutes 
(mean time, 42 minutes) and was significantly less than 
when standard repair using graft replacement was per- 
formed..No glue-related complications were noted. All 
patients survived and were discharged from the hospital. 
Follow-up was complete for all patients and ranged from 
3 to 56 months. One patient required reoperation for 


recurrent dissection. Control angiograms (Fig 4), com- . 


puted tomographic scans, and magnetic resonance imag- 
ing revealed one recurrent dissection requiring reopera- 
tion. Idiopathic cardiomyopathy developed in 1 patient 18 
months after the operation and necessitated orthotopic 
heart transplantation. Microscopic analysis of the ex- 
planted aorta revealed good biological tolerance of the 
gelatin-resorcin-formalin glue as well as massive sclerosis 
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of the aortic layers and, hence, perfect repair. Finally, ina 
recent case surgical glue was used with success in a 
similar fashion to treat a type B dissection [3]. 

In conclusion, the extensive use of surgical gelatin- 
resorcin-formalin glue without graft replacement in pa- 
tients with ascending thoracic aortic dissection is a good 
alternative technique. It is a simple, safe, efficient method 
that yields good short-term and long-term results. | 
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Use of the Centrifugal Flow Pump for Vena 


Caval Shunting 
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Sateesh C. Babu, MD, Pravin M. Shah, MD, and Mohammed Z. Choudhury, MD 


Department of Surgery, New York Medical College, and Westchester County Medical Center, Valhalla, New York 


We have used the Bio-Medicus centrifugal flow pump for 
vena cava shunting during surgical resection of renal cell 
carcinoma with extension of the tumor into the inferior 
vena cava. The active shunt can provide optimal blood 
return to the heart to promote hemodynamic stability, 


horacic surgeons are frequently called upon to assist 
urologic surgeons performing nephrectomy for renal 

cell carcinoma, to facilitate removal of tumor extensions 
into the inferior vena cava. Tumor in the right atrium 
often necessitates cardiopulmonary bypass for full re- 
moval [1]. Intracaval tumor that does not extend beyond 
the hepatic portion of the inferior cava (group I and some 
group II [2]) may require venous shunting for removal if 
simple caval occlusion is not possible or produces unsta- 
ble hemodynamics or hypotension. The centrifugal flow 
pump offers advantages for this shunting that make it our 


Fig 1. Vena cavogram illustrating 
right renal cell carcinoma with exten- 
sion into inferior vena cava. (ADV = 
adrenal vein; CLV = collateral vein; 
HV = hepatic vein; IVC = inferior 
vena cava; LRV = left renal vein; 
RRV = right renal vein; T = tu- 
mor.) 
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help provide an isolated field for resection of the in- 
volved kidney and its tumor extension into the vena 
cava, and avoid use of full-dose heparin to minimize 
blood loss in this extensive operation. 

(Ann Thorac Surg 1990;50:146-8) 


technique of choice for bypass during nephrectomy- 
cavotomy operations. 


Material and Methods 


Preoperatively, inferior vena cava contrast study outlines 
the extension of tumor into the cava. The extent of tumor 
cephalad and the degree of caval occlusion may help 
determine whether full bypass, no shunting, or vena cava 
to atrium shunting may be required (Fig 1). 

The patient is positioned supine on the operating table 
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Fig 2. Operative techniques used during nephrectomy with caval ex- 
tension of tumor. (FABPS = femoral vein to atrium bypass shunt; 

FC = Foley catheter; FV = femoral vein; HV = hepatic vein; IVC = 
inferior vena cava; LRV = left renal vein; RA = right atrium; SVC 
= superior vena cava; T = tumor.) 


with full hemodynamic monitoring. The abdomien is 
opened in the midline and the duodenum and colon are 
mobilized to provide access to the involved kidney and 
cava to confirm resectability. Before manipulation of the 
kidney, a midline sternotomy is performed and the peri- 
cardium is opened. A pursestring suture is placed in the 
right atrium. The inttapericardial vena cava is encircled 
with a tape. A common femoral vein (or infrarenal vena 
cava if uninvolved with tumor) is exposed. A 16F venous 
cannula (USCI-Bard type 1856; Billerica, MA) is placed 
through a pursestring suture into the right atrium, and a 
number 20F venous cannula (USCI-Bard type- 1856) is 
placed into the femoral vein or vena cava. These are 
connected to the primed centrifugal pump. Low flow of 
200 to 400 mL/min is commenced (Fig 2): Low-dose 
heparin, with maintenance of activated coagulation time 
at 200 seconds, may be used if concern exists about flow 
through the centrifugal pump. 

After the involved kidney has been mobilized, vascular 
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control is gainéd. The inferior vena cava below the rena! 
vein caval tumor is encircled. If inadequate space below 
the liver is available for controlling or encircling the 
infrahepatic cava, a balloon catheter is placed through the 
right atrium into the hepatic vena cava and the vena cava 
can be occluded by inflation of the balloon. This will 
prevent retrograde hepatic flow into the field, help pre- 
vent tumor embolism, and may avoid the need to clamp 
the porta hepatis. Careful placement is required above the 
tumor to avoid traumatization of the friable tissue mass. 

With the vena cava completely occluded, flow can be 
increased through the centrifugal pump to maintain ade- 
quate venous return, central venous pressure, and cardiac 
output. In most instances the flow varies between 400 and 
1,500 mL/min, depending on the preexisting flow through 
the vena cava that is partially occluded by tumor. 

When the kidney is ready for removal, the opposite 
renal vein is occluded to prevent tumor dislodgement into 
it. The renal artery and the ureter are transected. The 
inferior vena cava in the region of the tumor is opened 
and the tumor with caval extension is removed en bloc. If 
tumor is adherent to the involved renal vein, a button of 
vein can be removed from the inferior vena cava wall and 
the defect reconstituted with autologous vein, pericar- 
dium, or synthetic material. After closure of the vena cava 
incision, vascular occlusions are released and the centrif- 
ugal pump is weaned off and removed. 


Comment 

Renal cell carcinoma extension into the vena cava exists in 
up to 10% of patients undergoing nephrectomy [3]. It is 
well documented that surgical resection of the vena cava 
tumor with. the involved kidney prolongs survival and 
provides potential cure in these patients [1]. 

In their large series, Skinner and associates [1] used a 
thoracoabdominal approach with excellent results. The 
combined midline approach was discussed in their publi- 
cation, and shunting techniques were proposed for tu- 
mors whose cephalad extension in the tumor was limited. 
David and co-workers [4] described use of the Bio- 
Medicus pump in 2 patients and detailed the surgical 
technique. Attwood and colleagues [5] also described a 
right lateral approach with venous bypass, using the 
centrifugal pump, in 1 patient with a right-sided tumor. 

The combined midline abdominal and sternotomy inci- 
sion provides a widé exposure for operation, should 
shunting be required, and for either right or left nephrec- 
tomy. Access to the right atrium allows placement of 
balloon occlusive catheters during removal of the tumor. 
If needed, a vena cava filter can be placed through the 
right atrium into the iriferior vena cava to prevent embo- 
lism of nonremovable blood thrombus propagated in the 
distal venous system below the tumor thrombus. 

When full cardiopulmonary bypass for removal of tu- 
mor that extends into the right atrium is not required, use 
of the active. centrifugal shunt provides several advan- 
tages. Full-dose heparin is not required, reducing blood 
loss, The active component of the shunting, in contrast to 
passive rerouting, allows assured control of venous re- 
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turn, which promotes hemodynamic stability: The shunt 
provides an isolated field for careful removal of tumor and 
caval reconstruction, not compromised by time or cardiac 
instability. After using passive (Gott) shunts in 2 previous 
patients, we have used this technique in the last 3 patients 
for whom we have provided assistance with vena caval 
shunting. Flows have ranged from 200 to 1, 500 mL with 
bypass times from 30.to 120 minutes. In one patient, a 30- 
mL Foley balloon was placed through t the right atrium and 
inflated just below the hepatic-veins arid above the tumor 
extension before manipulation of the cava. A second 
patient had placement of a Greenfield filter just below the 
remaining renal vein to prevent recurrent pulmonary 
emboli. All 3 patients had complete removal of tumor and 
were discharged well from the hospital. 
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Methods of closing lung tissue with stapling devices or 
simple sutures are usually adequate. In some patients 
lung tissue is so friable that reinforcement of the sutures 
with tissue flaps is beneficial. Felt bolsters or pledgets 
can also be used as we describe. 

(Ann Thorac Surg 1990;50:149-50) 


Lono perforations, and resections of pulmonary 
tissue if not sealed properly may allow prolonged air 
leak and hemorrhage [1]. Currently accepted methods of 
closure, using stapling devices or simple sutures, occa- 
sionally fail [2, 3] and cause further lung damage [4, 5]. 
This is particularly true of contused or overexpanded 
lung. We have used felt pledgets or bolsters for reinforc- 
ing suture lines in several situations. Prolonged air leak, 
continued hemorrhage, or both were avoided in all pa- 
tients. 


Technique 


Long felt (either Dacron or Teflon) bolsters are used to 
stabilize suturing of massively lacerated lung as shown in 
Figure 1. The bolster can be placed with a single ranning 
suture. Bolsters also can be sutured to each side of the 
laceration and a tertiary suture line used to approximate 
the severed lung. Nonabsorbable 3-0 sutures have been 
used effectively. 

In addition to using this technique in traumatically 
induced lacerations, we have successfully employed the 
method to close lung after resection of giant bullae as 
shown in Figure 2. 


Comment 


The usual repair of torn or resected lung involves the use 
of either a mechanical stapling device or simple suturing 
of the disrupted tissue [2, 3]. Several examples of pulmo- 
nary pathology occur in which this technique may not be 
satisfactory, allowing for prolonged hemorrhage or air 
leak. Fibrotic lung, particularly in the patient who has 
been maintained on long-term steroids, may not hold 
sutures, leading to unsatisfactory air leak [6]. Badly con- 
tused lung resulting from penetrating or blunt trauma 
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also is not easily amenable to simple suture methods. 
Likewise, the overexpanded lung encountered in bulla 
emphysema is difficult to close, and prolonged air leak is 
a recognized hazard of bleb resection [7]. 

The use of felt pledgets or bolsters to prevent tearing of 
pulmonary tissue has proved satisfactory in our practice. 
The method is quite simple, and because the sutures are 
held by the felt, the suture line is maintained without 
further tearing even with overexpansion of lung due to 
disease or mechanical ventilation. 

Concern about placing foreign bodies in apposition to 
an open airway is real. It would be thought that the use of 
such material in an injured lung or patient treated by 
steroids would increase the incidence of empyema, par- 
ticularly with prolonged air leak. However, postoperative 
empyema is a function of poorly drained and incom- 
pletely closed pleural spaces that allow air leaks and poor 
expansion of the lung [8]. Intrapleural infection has not 
developed in any of the patients in whom we have used 
felt material. Without further experience, however, it 
would not be recommended that this method of lung 





Fig 1. Repair of the severely lacerated lung with felt pledgets. 
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Fig 2. Resection of giant bullae with closure of lower 
lobe under bolsters. 


closure be used in patients with pulmonary infection or 
long-term bronchopleural fistula. 
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Development of an Artificial Heart Valve 
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When I reviewed the 21-year results with the Björk- 
Shiley tilting disc valves, I found out that to date, we still 
have to use these disc valves and all mechanical heart 
valves with anticoagulation therapy. The highest inci- 
dence of valve-related postoperative deaths after aortic 
valve replacements in Stockholm was anticoagulation- 
related bleeding, which continued at a rate of about 1% 
year after year. There is a need to improve the quality of 
life for heart valve patients, especially for children, for 
young females who want to have children, for the older 
generation who are on medical treatment, and for all 


t is estimated that about 100,000 patients worldwide 
have an artificial heart valve implanted each year. 
These man-made heart valves are produced from various 
materials and of various designs. It was not so long ago 
that no prosthetic heart valves were available. 

During the early 1950s, dilation of calcified aortic valves 
was the first treatment available in Sweden. I used Bai- 
ley’s “Cadillac” dilator, first guided by a wire with a 
spherical tip, which could be palpated in the root of the 
aorta before the dilator was pushed through the calcific 
valve. The crack of the calcific valve could be heard when 
the dilator was opened. The dilation caused a very small 
change or decrease in valvar gradient, and there was 
usually a restenosis within 1 or 2 years. When the gradi- 
ent did decrease considerably, valvar insufficiency devel- 
oped. In my first 22 patients with dilation, long-term 
results were bad. Severe regurgitation occurred when a 
bicuspid aortic valve was dilated. As the results were not 
good, I had to be careful with the selection of patients. 
First, I had to develop a better procedure for exact 
diagnosis with catheterization of the left side of the heart 
before attempting further to treat calcified valves. I used 
an 18-cm long needle that was introduced at the upper 
border of the ninth rib, 2 fingerwidths to the right from 
the posterior midline. The needle, touching the vertebral 
body, then entered the left atrium. A catheter was intro- 
duced through the left atrium and passed through the left 
ventricle out into the aorta. On withdrawal, the pressures 
in all portions of the left side of the heart could be 
recorded. 

When I had the heart-lung machine with the spinning 
disk oxygenator available in 1958, I started manual decal- 
cification of the aortic cusp. This method was more 
effective in reducing the pressure gradient. Unfortu- 
nately, the gradients did return in 1 to 2 years. 
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patients in whom long-term anticoagulation of a perfect 
quality is impossible to guarantee. A series of tests on 
goats has been performed, using the Björk-Shiley 
Monostrut valve used in 2,024 patients at the Karolinska 
Hospital in Stockholm and in 75,000 patients worldwide 
for up to 8 years with a modification of a microporous 
surface. In the mitral position, this modified partially 
microporous-surfaced Bjérk-Shiley Monostrut valve has 
permitted goats to live for 5 years with four normal 
pregnancies without anticoagulation therapy. 

(Ann Thorac Surg 1990;50:151-4) 


Something more radical had to be done. I then replaced 
the aortic leaflets with the Bahnson Teflon cusps, sewn in 
“free-hand.” This method resulted in calcification and 
cusp rupture within 1 to 2 years. In a few survivors, I 
could replace the Bahnson cusps with the Starr-Edwards 
ball valves. However, in the patients with narrow aortic 
roots, the Starr-Edwards ball valve (size 8A) gave a 
gradient of 70 mm Hg, and 6 of 8 patients died. Some- 
thing better was needed. 

I made aortic cusps out of the patient’s own pericar- 
dium, but they wore out and ruptured within 6 months. 
Better results were obtained with the patient’s own fascia 
lata. However, even the fascia lata cusp shrunk down and 
calcified within 4 to 5 years. 

I then used the Kay-Shiley flat disc valve for aortic valve 
replacement. The Kay-Shiley valve gave a gradient as 
high as was obtained with the ball valve, but the patients 
with Kay-Shirley valves could tolerate tachycardia during 
exercise without a decrease in blood pressure better than 
patients with ball valves. 

I went to Hokkaido, Japan, to visit Dr Juro Wada, who 
was using the Wada-Cutter Valve. I started using this 
hinged tilting disc valve and found that the gradient was 
substantially lower, ie, only one half of the gradient found 
in the Kay-Shiley valve. Later fibrin formation in the 
hinge caused malfunction of the occluding mechanism. 
The localized wear in the hinge then caused embolization 
of the disc. I had learned that the tilting-disc concept 
could diminish the pressure gradient, but the hinge had 
to be avoided. Donald Shiley presented his ideas of a 
valve with a free-floating disc (without a hinge), and with 
some improvements of a prototype, I immediately knew 
we had to try this idea. With this Delrin disc valve in the 
aortic position, there was a 15-year actual survival of 55% 
in the first 150 cases, compared with a 76% survival for 
Swedes of similar age and sex. After 20 years of follow-up, 
the Delrin disc is still functioning well in the first 14 
surviving patients I have investigated. 
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In 1971, the Delrin disc was exchanged with a disc of 
pyrolytic carbon (later called the “conical” disc). The 
pyrolytic carbon disc eliminated the problems associated 
with sterilizing the Delrin disc, which could retain water 
and swell, and it provided a considerable increase in 
durability. 

In 1975, the conical disc was replaced with a spherical 
disc that incorporated a radiopaque marker in the disc. 
On screening, it was then easy to verify the function of 
the disc movement. (I call both the conical and spherical 
discs “flat” discs in contrast to the convexoconcave discs.) 

In the whole group of 1,657 patients with aortic valve 
replacement, with Bjérk-Shiley valve models, the 15-year 
actuarial survival was 54%. Twenty-five percent of late 
deaths were valve related, 8.3% were mainly of anticoag- 
ulation-related bleeding, and 5.4%, of thromboembolic 
complications. 

In 764 patients with mitral valve replacement using all 
models, the 15-year actuarial survival was 51% compared 
with 82% of healthy Swedes (matched control population 
of the same sex and age). The valve-related cause of death 
in these 764 patients was dominated by valve thrombosis 
in 10%, embolism in 3%, and anticoagulation-related fatal 
bleeding in 4%. 

From the beginning, both the inflow and outflow struts 
were welded into the valve ring. Of 1,100 patients with a 
flat disc, I had one inflow strut rupture. The inflow strut 
was then made an integral part of the valve ring for the 
convexoconcave disc valve, after which no inflow strut 
ruptured. 

The main thing was now to improve the valve flow to 
diminish thromboembolic complications. In 1976, I im- 
planted the first convexoconcave disc valves, in which the 
configuration of the disc was changed mainly to improve 
the flow through the smaller flow area and thereby 
diminish thromboembolic complications. When open, the 
fluid forces would cause the disc to slide out of the orifice 
by 2 mm, eliminating the low-flow area caused by the disc 
edge touching the orifice in the earlier valve models with 
a flat disc. As a result of the earlier inlet strut fracture, the 
inlet strut was made an integral part of the convexocon- 
cave valve ring. In 1978, the report of an outlet strut 
fracture was received in the United States. Then we 
decided that a single-piece valve, later known as the 
Monostrut valve, should be developed. In the mean time, 
the opening angle was increased from 60 degrees to 70 
degrees. This change would reduce the opening forces on 
the outlet strut. The 70-degree opening angle was also 
important to avoid a vortex formation behind the smaller 
hole and to diminish the gradient, making the valve 
suitable for narrow aortic roots. During one week in 
March 1982, I experienced my first two outlet strut rup- 
tures in large 70-degree mitral valves. This was a shock, 
and I immediately stopped using the large convexocon- 
cave valve model and would only use the Monostrut 
valve. 

Review of clinical results of the convexoconcave valve 
models, both with 60-degree and 70-degree opening an- 
gles, showed that the thromboembolic complications 
were reduced by 50% over the earlier models with a flat 
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Fig 1. The Bjérk-Shiley Monostrut mitral heart valve with 70-degree 
convexoconcave disc opening. Notice the space between the edges of 
the disc and the valve ring as the disc slides out 2 mm in the open 
position. 


disc, with exactly the same anticoagulation treatment and 
identical rate of bleeding complications. At 5 years of 
follow-up, a 1.2% rate of thrombosis was encountered in 
patients with the convexoconcave disc valve in the mitral 
position, as compared with a 7.1% rate in patients with 
the earlier flat disc valves. The 2-year mortality, however, 
was 2% higher, mainly because of rupture of the outflow 
strut. The 7-year actuarial survival was 9% better, ie, 80% 
for patients with the convexoconcave disc as compared 
with 71% for patients with the earlier flat disc valve. 

To date, the monostrut valve has been used, without 
rupture, in 2,024 patients at the Karolinska Hospital in 
Stockholm and in more than 75,000 patients worldwide, 
outside the United States. The Monostrut disc opens to 70 
degrees, which is important (Fig 1). There were no epi- 
sodes of thrombosis or fatal embolism in our first group of 
patients with Bjérk-Shiley Monostrut valves. Detailed 
follow-up has shown a 1.2% embolism rate in 180 patients 
who had aortic valve replacement and a 3.1% embolism 
rate in 101 patients with mitral valve replacement. Anti- 
coagulation-related bleeding was found in 2.2% of these 
patients, and proved fatal in 0.5%. 

As of today, no mechanical valve can be left without 
anticoagulation therapy. In my first aortic valve replace- 
ment series, I left 32 patients for 12 months without 
anticoagulation therapy. This resulted in 15.6 thrombo- 
embolic complications per 100 patient-years. These pa- 
tients had to be put back on anticoagulation therapy. In 
1978, the carbon-coated sewing ring was introduced. This 
sewing ring was developed to reduce the tissue over- 
growth in the fabric cuff and thereby maintain a smoother 
surface of the sewing ring. To date, the importance of the 
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carbon-coated sewing ring has been impossible to deter- 
mine owing to the small complication rate of the overall 
series and the limited number of both Teflon cloth sewing 
rings and carbon-coated Dacron cloth sewing rings. 

In 1976, MacGregor and co-workers described a micro- 
porous metal coating perpetuating endothelialization on 
metal surfaces in the bloodstream. MacGregor and co- 
workers’ work was tested. Microporous-surfaced rings 
were introduced into the superior vena cava of goats. 
Larger porous surfaces caused clotting, but a porosity size 
of 20 um produced a thin, translucent, nonvascularized 
endothelialized covering (Fig 2). In 1984, 19 goats had a 
Monostrut valve with porous coating implanted over the 
entire flange surface, and 10 goats were implanted with a 
Monostrut valve as controls. The valves were implanted 
in the mitral position of the goats, as thromboembolic 
complications in the mitral position of humans were 
double those of the aortic position. 

All goats were treated humanely; however, no antico- 
agulation therapy was provided. The goats were killed 
between 1 and 1% years. All the polished Monostrut 
controls had a different degree of thrombosis, originating 
from the suture ring or growing over the groove to the 
valve ring. No thrombosis was attached to the polished 
struts. The porous metal Monostruts showed an endothe- 
lialized covering from the sewing ring to the metal orifice 
ring, but never over the center of the orifice where the 
disc seats. The struts were never completely covered. The 
contact area of the struts where the disc continuously 
seats had a tendency to build up a thrombus (37%). 
Additional valves were porous-coated; however, in these 
valves the contact areas of the struts were polished, and 
the valves were implanted. When explanted after 2⁄2 
years, the valves looked excellent and had no thrombus 
formation (Fig 3). The longest porous-coated mitral 
Monostrut valve implants are now 5 years. The goats are 
currently healthy, one goat is pregnant for the fourth 
time, and all goats are scheduled to be killed in the near 
future. 





Fig 2. A valve ring of 15-mm diameter surfaced with microspheres of 
an average size of 20 um inserted into the superior vena cava of a 
goat and explanted after 6 months when it was covered with a 
smooth, thin, translucent neointima continuous with the intima of the 
superior vena cava and the right atrium. 
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Fig 3. The modified porous-surfaced Bjérk-Shiley 25-mm Monostrut 
mitral valve after 21⁄2 years without anticoagulation therapy in a goat 
(viewed from the left atrium). The carbon-coated Teflon suture ring is 
covered with a thin, smooth, and glistening endothelium continuing 
over the groove and upper part of the valve ring. 


In conclusion, the porous-coated Monostrut valve 
should be used. I would suggest a clinical trial be initiated 
with the porous-coated Monostrut valve as described. 
Patients would have the normal anticoagulation therapy 
for the first 3 months, after which they should be weaned 
off. I would prefer to bring the patients into the hospital 
for 1 week to be weaned off the warfarin or dicumarol 
treatment during heparin administration and then discon- 
tinue heparin administration, leaving the patients without 
anticoagulation therapy. The incidence of emboli should 
be less than the incidence of anticoagulation-related 
bleedings. In case of an embolus, anticoagulation therapy 
should be started. 

In the pursuit of improved quality of life for heart valve 
patients, a clinical investigation of the porous-coated 
Monostrut valve has to be done. This is a definite step 
forward, and it is especially needed for children, for 
young females who want to have children, for the older 
generation who are on medical treatments that do not 
allow anticoagulation drugs, for patients with sickle-cell 
anemia, and for all patients in whom long-term anticoag- 
ulation of a perfect quality is impossible to guarantee. 
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Mid-Descending Aortic Traumatic Aneurysms 
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Two patients with traumatic rupture of the mid- 
descending aorta successfully repaired are presented. 
Most clinical series of aortic tears do not include this 
entity. A review of the world literature reveals only 9 
previous cases. In 6 of the 11 patients the diagnosis was 
either missed or delayed. In 4 patients the diagnosis was 
delayed or missed because of the absence of a superior 
mediastinal hematoma, and in 2 patients the diagnosis 
was delayed because of inadequate (single-plane) aortog- 
raphy. Suspicion may be lacking because of absence of 
the upper mediastinal hematoma considered to be the 
sine qua non for the diagnosis of aortic rupture. Al- 


P contrast to the massive literature that has developed 
pertaining to traumatic aneurysms of the aorta at the 
level of the isthmus, little has been written concerning 
traumatic aneurysms of the mid-descending thoracic 
aorta. Encounters with 2 such patients within 4 days 
prompted us to-review this rare entity. The purpose of 
this communication is to report the unique features in 
diagnosis, mechanism of injury, and frequency of aortic 
trauma at the level of the mid-descending aorta. 


Case Reports 


Patient 1 


A 25-year-old driver of a high-speed motor vehicle acci- 
dent was admitted to the shock-trauma unit with an open 
depressed skull fracture, multiple lacerations, fractured 
ribs, and extremity fractures. Vital signs were stable and 
the blood pressure was 172/80 mm Hg. The chest roent- 
genogram on admission was interpreted as negative for 
widened mediastinum. A computed tomogram of the 
chest (Fig 1A) was obtained, and the patient was taken to 
the operating room for repair of his skull fracture. The 
following morning the thoracic computed tomogram was 
reviewed and interpreted as demonstrating a mediastinal 
hematoma at the level of the arch. An aortogram was then 
performed, which revealed a false aneurysm at the level 
of T-8 (Fig 1B). At thoracotomy a hematoma was found 
that began at the arch and extended down the descending 
aorta to T-9. The entire hematoma was explored with the 
finding of a 20% transverse tear posteromedially at T7-8. 
For adequate visualization of the tear, the aorta was 
transected anteriorly, then the edges were debrided and 
reapproximated with a cross-clamp time of less than 30 
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though deceleration is considered to be the mechanism 
of injury in tears at the isthmus, severe hyperextension 
(often associated with fracture dislocation of thé under- 
lying thoracic vertebra) is considered to be the causative 
factor in descending aortic tears. Experience with the 2 
patients presented here demonstrates that a high index of 
suspicion and complete two-plane aortography is re- 
quired to avoid the potential for catastrophic outcome 
subsequent to overlooking a tear of the mid-descending 
aorta. 


(Ann Thorac Surg 1990;50:155-60) 


minutes. The postoperative course was uneventful. The 
patient gradually regained consciousness and was dis- 
charged 2 months after admission. 


Patient 2 


A 21-year-old victim of a high-speed automobile accident 
arrived in the emergency room with a blood pressure of 
90/50 mm Hg and pulse of 100 beats/min, breathing 
spontaneously at 25/min. Positive physical findings in- 
cluded ‘multiple lacerations, decreased breath sounds at 
the right base, and tenderness over the right clavicle. A 
chest roentgenogram revealed a right hemopneumotho- 
rax, pulmonary contusion, and a right clavicular fracture. 
The mediastinum was believed to be suspicious for he- 
matoma (Fig 2A). A computed tomogram of the abdomen 
revealed a nonfunctioning left kidney. Digital subtraction 
angiography (used in place of standard aortography to 
reduce contrast load because of the renal injury) was 
performed, which confirmed the thrombosis of the left 
renal artery. The angiogram was carried up to the level of 
the arch and was initially thought to be negative (Fig 2B). 
Upon review a suspicious double density at the level of 
the mid-descending aorta was identified. The following 
morning, a conventional aortogram with a cross-table 
lateral view was performed, which revealed a tear at the 
level of T7-8 (Fig 2C). At thoracotomy a hematoma was 
located at the region of T-7 to T-8. The laceration, which 
was found to be a transverse tear of 40% of the aortic 
circumference on the posteromedial aspect of the aorta, 
was repaired with direct suture with the aorta cross- 
clamped above and below (cross-clamp time, 20 minutes). 
The renal artery was not explored. The postoperative 
course was complicated by pulmonary insufficiency, but 
the patient gradually recovered and was discharged on 
the 30th day. 
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Fig 1. (A) Computed tomogram of chest (mediastinal window). A 
slight thickening of the periaortic soft tissues is seen (arrow). At op- 
eration, this was a hematoma that extended downward from the aortic 
arch to T-9. (B) Thoracic aortogram reveals laceration in the posterio- 
medial wall of the mid-descending thoracic aorta with a false aneurysm. 


Material and Methods 


Twenty-eight surgical series of aortic rupture are summa- 
rized in Table 1 and compared with a compilation of eight 
autopsy series (Table 2). All totals and percentages are 
given in reference to aortic tears only. Tears of the 
brachiocephalic vessels are not included. To compare the 
surgical series with the autopsy series the lacerations of 
the ascending aorta and aortic arch are combined, and 
lacerations of the mid-descending aorta and diaphrag- 
matic aorta are combined in the total figures. In Table 3 we 
define mid-thoracic descending aorta as that segment 
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below the region of the isthmus and above the level of the 
diaphragmatic aortic hiatus (T-7 to T-10). 


Results 


Of the 823 patients in the collected surgical series with 
aortic ruptures 96.7% had rupture located at the isthmus, 
2.3% at the ascending aorta or arch, and only 1% at the 
descending aorta or diaphragmatic aorta. Of the 740 
collected patients in the autopsy group only 50.4% had 
ruptures at the isthmus, whereas 27.2% had ruptures 
located at the ascending aorta through the arch and 15.7% 
in the descending aorta through the aortic hiatus. A total 
of 11 patients (including ours) were found in the literature 
with tears in the mid-descending aorta (defined as be- 
tween T-7 and T-10). 


Comment 


The locations of aortic ruptures summarized from 28 
surgical series of nonpenetrating aortic injury in Table 1 
contrast dramatically with those derived from autopsy 
series (see Table 2). The incidence of isthmus lesions is 
much more frequent (96.7%) in the clinical series than that 
(50.4%) compiled from the autopsy series. When tears of 
the brachiocephalic vessels are included, lesions of the 
isthmus comprise 89% to 91.5% of the clinical series [2, 
37]. 

Of particular interest is the 15.7% incidence of descend- 
ing aortic injuries in the autopsy data as compared with a 
1% incidence in the surgical series. This raises the obvious 
question as to whether this lesion is frequently over- 
looked. The autopsy series as reported do not specify 
whether the autopsies were performed strictly on patients 
seen dead on arrival or on some victims with delayed 
rupture. 

As would be expected, the incidence of multiple rup- 
tures is much higher in the autopsy series as compared 
with the surgical series (7.8% versus 1%). 

A clue as to the disparity in incidence of the mid- 
descending aortic ruptures between the autopsied pa- 
tients and surgical patients may be attributed to the 
mechanism of injury. It is generally agreed that the 
mechanism of injury in ruptures of the mid-descending 
aorta involve direct trauma to the aorta, viz, extreme 
hyperextension of the spine (with the spine actually 
pressing forward and shearing the aorta) or injury sec- 
ondary to fracture dislocation of the adjacent spine [34]. 
These mechanisms are said to account for the fact that all 
lacerations of the mid-descending aorta are transverse 
[34]. We note, however, that in only 1 of the 11 clinical 
patients with this lesion was there an associated disloca- 
tion of the spine. In contradistinction to the apparently 
more direct trauma required for this injury, the trauma 
required to tear the aorta at the isthmus is thought to be 
indirect from acute deceleration phenomena [28, 34, 35]. 

In Table 3 it can be seen that in 6 of the 11 accumulated 
patients with mid-descending aortic tears the diagnosis 
was initially missed. In 4 of these cases the mediastinum 
was believed to be negative on routine chest roentgeno- 
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Fig 2. (A) Admission chest roentgenogram reveals mediastinal widen- 
ing. The aortic knob is obscured. (B) A digital substraction aortogram 
reveals a minimally suspicious double density in the mid-descending 
thoracic aorta (arrow, lower right). No aortic isthmus lesion is seen. 
(C) A repeat convential aortogram in cross-table lateral projection re- 
veals a laceration in the posterior wall of the mid-descending aorta 
with a false aneurysm. 
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Table 1. Site of Aortic Rupture in Surgical Series 
Author Year Isthmus ASCD Arch DESC DIAPH Branches Comments 
Keen [1] 1972 16 pas ar 3 2 innominate, 1 subclavian 
Thevenet [2] 1975 65 1 1 5 Acute tears only 
Appelbaum et al [3] 1976 17 1 
Bodily et al [4] 1977 39 3 multiple; also reference [5] 
Ayella et al [6] 1977 35 ree uted 1 multiple 
Kirsh et al [7] 1978 50 2 i 1 5 2 innominate, 3 subclavian 
Pezzela et al [8] 1978 11 1 1 bei Associated aortic root injury 
Plume and DeWeese [9] 1979 14 1 
Avery et al [10] 1979 10 ida 2o% 
Akins et al [11] 1980 42 1 1 
Williams et al [12] 1980 30 siey Siders eas 2 2 innominate 
Motin et al [13] 1980 32 2 1 1 
Ketonen et al [14] 1980 17 bg 
Skotnicki et al [15] 1981 21 1 
Soyer et al [16] 1981 34 1 il 1 innominate 
Grande et al [17] 1984 58 HES ‘tiie 
Schmidt and Jacobson [18] 1984 40 is 1 
Oliver et al [19] 1984 19 
Tegner et al [20] 1984 14 
Pate [21] 1985 58 be TF 
Mattox et al [22] 1985 31 aai 1 
Stiles et al [23] 1985 16 bau 1 2 2 innominate 
Verdant et al [24] 1985 20 
Marvasti et al [25] 1986 41 ee 
Langlois et al [26] 1987 15 1 3 3 innominate, 1 subclavian 
Hartford et al [27] 1988 16 yea 
Tribble and Crosby [28] 1988 22 1 2 (From reference [28] plus 
personal communication, 
1989) 
PGHC (present report) 1990 12 1 2 TT 2 2 subclavian 
Subtotals 796 12 6 2 23 
Total aorta (n = 823) 796 19° 8? 
Percent 96.7% 2.3%° 1%° 


è Ascending aorta + arch. ? Descending aorta + diaphragmatic level. 


ASCD = ascending aorta; 
Georges Hospital Center. 


Branches = brachiocephalic arteries; 


gram. The actual aortic hematoma effected by the lesion 
may be obscured by the heart on routine chest roentgen- 
ograms. Our first case was a serendipitous aortographic 
finding resulting from the computed tomographic dem- 
onstration of an unsuspected mediastinal hematoma. In 2 
patients the diagnosis was nearly missed because of 
inadequate (one-plane) aortography. These difficulties in 
diagnosis lead one to suspect that some tears may go 
undiagnosed and spontaneously heal as suggested by 
Stiles and Bryant [41, 42]. This postulate would account 
for some of the disparity between the autopsy and clinical 
series. 

Indications for aortography in high-speed decelerating 
injuries should be liberal. In addition to the standard 


DESC = descending aorta; 


DIAPH = at diaphragmatic level; PGHC = Prince 


chest roentgenographic findings that suggest the need for 
obtaining aortography, viz, widened mediastinum, apical 
cap, depressed left main bronchus [43], the finding of a 
thoracic vertebral fracture should prompt aortography to 
confirm the diagnosis and to determine the site or sites of 
rupture. Although the role of computed tomographic scan 
in thoracic trauma remains controversial, we have for the 
past 7 years used thoracic computed tomographic scans in 
major thoracic trauma because of the improved diagnostic 
sensitivity [44, 45]. Unsuspected mediastinal hematomas 
diagnosed by computed tomography, as demonstrated in 
our initial patient, warrant aortography. Because of the 
relative difficulty in diagnosing traumatic tears of the 
mid-descending aorta, the clinician must maintain a high 
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Table 2. Levels of Aortic Transection in Autopsy Series 




















Author Year Total Isthmus ASCD Arch DESC DIAPH ABDOM MULT Comments 
Strassman [29] 1947 61 38 8 wie, 12 irim 3 ... Ruptures in one site 
11 2 6 pis 3 E GR 11 Multiple ruptures 
Parmley et el [30] 1958 171 95 17 16 27 sate 11 5 
; 104 29 47 6 6 Pai 2 12 With associated heart injury 
Zeldenrust and Aartes [31] 1962 88 6 1l ln “hale 5 nae AG 
Jensen [32] 1964 68 35 15° 18 nN AA ... Ascending and arch lesions 
combined 
Greendyke [33] 1966 34 22 1 Sates ae 7 4 8 
Sevitt [34] 1977 37 25 7 pth aia Sh TE 
Gotzen et al [35] 1980 26 21 3 j e aai 1 des 2 Associated with heart rupture in 
5 patients 
Arajarvi et al [36] 1989 140 26 367 10° sha 7 Unbelted 
25 24° 19° dein’ 13 Belted 
Total {n = 740) 381 198° 113° 20 58 
Percent® 50.4% 27.2%" 15.7%? 2.8% 7.8% 
a Ascending aorta + arch. P Descending aorta + diaphragmatic level. © Total percentage greater than 100% because Parmley series calculated 


multiple injuries as s2parate patients, whereas Strassman and Arajarvi counted as major injury. 


ABDOM = abdominal aortas ASCD = ascending aortas DESC = descending aorta; DIAPH = at diaphragmatic level; © MULT = multiple 
aortic injuries. 


Table 3. Traumatic Rupture of the Mid-Descending Aorta 


Author Year Patients Comment 

Kirsh et al [37] 1976 1/43 Descending mid-thoracic aorta—associated with fracture dislocation of thoracic 
spine. 

Kirsh et al [7] 1978 1/58 Descending aorta just above diaphragm—negative mediastinum or loss of aortic 
knob. 


Plume and DeWeese (9] 1979 1/15 Mid-descending aorta; associated right atrial appendage rupture. 
Motin et al [13] 1980 1/36 


Fisher et al [38] 1981 2/54 T9-10. Minimal mediastinal changes on admission chest roentgenogram. Missed 
diagnosis. 
T7-8. Initial mediastinal hematoma obscured by cardiac silhouette. 
David et al [39] 1985 1 T7-8. Delayed diagnosis due to one-plane aortogram. Hyperextension postulated. 
Stothert et al [40] 1987 1 T9-10 (estimated from published aortogram). Described as just above aortic hiatus. 
One of two aortic tears in patient, the other at isthmus. 
Tribble and Crosby [28] 1988 — «1/25 (From reference [28], also personal communication [1989] as to exact site.) 
Present series 1990 2/17 Delayed diagnosis. No widening of mediastinum on plain roentgenogram. (See 
` text.) 


Delayed diagnosis. Lesion missed on one-plane aortography. (See text.) 


index of suspicion and obtain adequate two-plane aortog- closed aortic injuries. J Thorac Cardiovasc Surg 1976; 
raphy of the entire aorta to avoid missing this potentially 71:458-60. 
fatal lesion. 4. Bodily K, Perry JF Jr, Strate RG, Fischer RP. The salvageabil- 


ity of patients with post-traumatic rupture of the descending 
thoracic aorta in a primary trauma center. J Trauma 1977; 
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phy, and immunologic monitoring are not included. 


Pretransplantation 
Bridge to Transplantation 


1. Brugger JP, Bonandi L, Meli M, Lichtsteiner M, Odermatt R, 
Hahn C. SWAT team approach to ventricular assist. Ann 
Thorac Surg 1989;47:126-41. 

2. Cabrol C, Solis E, Muneretto C, et al. Orthotopic transplan- 
tation after implantation of a Jarvik 7 total artificial heart. 
J Thorac Cardiovasc Surg 1989;97:342-50. 

3. Farrar DJ, Hill JD, Gray LA, et al. Heterotopic prosthetic 
ventricles as a bridge to cardiac transplantation. N Engl J Med 
1988;318:333-40. 

4, Griffith BP. Interim use of the Jarvik-7 artificial heart: lessons 
learned at Presbyterian-University Hospital of Pittsburgh. 
Ann Thorac Surg 1989;47:158-66. 

5. Hardesty RL, Griffith BP, Trento A, Thompson ME, Ferson 
PF, Bahnson HT. Mortally ill patients and excellent survival 
following cardiac transplantation. Ann Thorac Surg 1986; 
41:126-9. 

6. Kormos RL, Borovetz HS, Gasior T, et al. Experience with 
univentricular support in mortally ill cardiac transplant can- 
didates. Ann Thorac Surg 1990;49:261-72. 

7. Pennington DG, McBride LR, Kanter KR, et al. Bridging to 
heart transplantation with circulatory support devices. J 
Heart Transplant 1989;8:116-23. - 

8. Starnes VA, Oyer PA, Portner P, et al. Isolated left ventric- 
ular assist as a bridge to cardiac transplantation. J Thorac 
Cardiovasc Surg 1988;96:62-71. 


Candidates 


9. Hildebrandt A, Reichenspurner H, Reichart B. Heart trans- 
plantation—the treatment of choice for patients with end- 
stage ischemic heart disease. J Thorac Cardiovasc Surg 1989; 
97:37-41. 

10. Evans RW. Money matters: should ability to pay ever be a 
consideration in gaining access to transplantation. Trans- 
plant Proc 1989;21:3419-23. 

11. Kirklin JK, Naftel DC, Kirklin JW, Blackstone EH, White- 
Williams C, Bourge RC. Pulmonary vascular resistance and 
the risk of heart transplantation. ‘J’ Heart Tranplant 1988; 
7:331-6. 


Address reprint requests to Dr Griffith, Department of Surgery, University 
of Pittsburgh, 1084 Scaife Hall, Pittsburgh, PA 15261. 


© 1990 by The Society of Thoracic Surgeons 


12. Lichtlen PR, Herrman G. Indications for heart transplanta- 
tion in end-stage coronary disease. Adv Cardiol 1988; 
36:228-45. 


Donors 


13. Evans RW, Manninen DL, Garrison LP Jr, Maier AM. Donor 
availability as the primary determinant of the future of heart 
transplantation. JAMA 1986;255:1892-8. 

14. Gilbert EM, Krueger SK, Murray JL, et al. Echocardiographic 
evaluation of potential cardiac transplant donors. J Thorac 
Cardiovasc Surg 1988;95:1003-7. 

15. Novitzky D, Cooper DK, Zuhdi N. Triiodothyronine therapy 
in the cardiac transplant recipient. Transplant Proc 1988; 
20:65-8. 


Transplantation 
Heterotopic Procedure í 


16. Cooper DK, Novitzky D, Becerra E, Reichart B. Are there 
indications for heterotopic heart transplantation in 1986? A 2- 
to 11-year follow-up of 49 consecutive patients undergoing 
heterotopic heart transplantation. Thorac Cardiovasc Surg 
1986;34:300-4. 

17. Griffith BP, Kormos RL, Hardesty RL. Heterotopic cardiac 
transplantation: current status. J Cardiac Surg 1987;2:283-9. 

18. Reichenspurner H, Hildebrandt A, Boehm D, et al. Hetero- 
topic heart transplantation in 1988—recent selective indica- 
tions and outcome. J Heart Transplant 1989;8:381-6. 


Pediatrics/Neonates 


19. Addonizio LJ, Hsu DT, Fuzesi L, Smith CR, Rose EA. 
Optimal timing of pediatric heart transplantation. Circulation 
1989;80(Supp! 3):84-9. 

20. Bailey LL, Wood M, Razzouk A, Van Arsdell G, Gundry S. 
Heart transplantation during the first 12 years of life. Loma 
Linda University Pediatric Heart Transplant Group. Arch 
Surg 1989;124:1221-5. 

21. Mavroudis C, Willis W, Malias M. Orthotopic cardiac trans- 
plantation for the neonate. J Thorac Cardiovasc Surg 1989; 
97:389-91. 

22. Trento A, Griffith BP, Fricker FJ, Kormos RL, Armitage J, 
Hardesty RL. Lessons learned in pediatric heart transplanta- 
tion. Ann Thorac Surg 1989;48:617-22. 


Immunosuppression 


23. Bolman RM, Elic B, Olivari MT, Ring WS, Arentzen CE. 
Improved immunosuppression for heart transplantation. 
Heart Transplant 1985;4:325-18. 

24. Bristow MR, Gilbert EM, Renlund DG. DeWitt CW, Burton 
NA, O'Connell JB. Use of OKT3 monoclonal antibody in 
heart transplantation: review of initial experience. J Heart 
Transplant 1988;7:1-11. 

25. Frist WH, Winterland AW, Gerhardt EB, et al. Total lym- 
phoid irradiation in heart transplantation: adjunctive treat- 
ment for recurrent rejection. Ann Thorac Surg 1989;48:863-4. 


Ann Thorac Surg 1990;50:161-2 + 0003-4975/90/$3.50 


162 


26. 


KEY REFERENCES GRIFFITH 
CARDIAC TRANSPLANTATION 


Grattan MT, Moreno-Cabral CE, Starnes VA, Oyer PE, 


` Stinson EB, Shumway NE. Eight-year results of cyclosporine- 


27. 


28. 


29, 


30. 


31. 


32. 


33. 


treated patients with cardiac transplanis. J Thorac Cardiovasc 
Surg 1990;99:500-9. 

Kahan BD. Cyclosporine—medical intelligence. N Engl J 
Med 1989;321: :1725-38. 

Kormos RL, Armitage JM, Dummer JS, Miyamoto Y, Griffith 
BP, Hardesty RL. Optimal perioperative immunosuppres- 
sion in cardiac transplantation using RATS. Transplantation 
1990;40:308-11. 

Menkis AH, McKenzie FN, Thompson D, et al. Benefits of 
avoidance of induction immunosuppression in heart trans- 
plantation. J Heart Transplant 1989;8:311-4. 

Myers BD, Sibley R, Newton N, et al. The long-term course 
of CsA associated chronic nephropathy. Kidney Int 1988; 
33:590-600. 

O’Connell JB, Renlund DG, Gay WA, et al. Efficacy of OKT3 
retreatment for refractory cardiac allograft rejection. Trans- 
plantation 1989;47:788-91. 

Olivari MT, Antolick A, Ring WS. Arterial hypertension in 
heart transplant recipients treated with triple-drug immuno- 
suppressive therapy. J Heart Transplant 1989;8:34-9. 
Renlund DG, O'Connell JB, Gilbert EM, et al. A prospective 
comparison of ‘murine monoclonal CD3 (OKT3) antibody 
based and equine antithymocyte globulin based rejection 
prophylaxis in cardiac transplantation: decreased rejection/ 
less corticosteroid use with OKT3. ‘Transplantation 1989; 
47:599-605. 


Posttransplantation 


Coronary Artery Disease 


34. 


35. 


Billingham ME. Cardiac transplant atherosclerosis. Trans- 
plant Proc 1987;19:19-25. 
Gao SZ, Schroeder JS, Alderman EL, et al. Prevalence of 


_ accelerated coronary artery disease in heart transplant survi- 


36. 
37. 


38. 


39. 


40. 


41. 


42. 


vors. Comparison of cyclosporine and azathioprine regi- 
mens. Circulation 1989;80(Suppl 3):100-15. 

Grattan MT, Moreno-Cabral CE, Starnes VA. Cytomegalovi- 
rus infection is associated with cardiac allograft rejection and 
atherosclerosis. JAMA 1989;261:3561-6. 

Kuo PC, Kirshenbaum JM, Gordon J, et al. Lovastatin ther- 
apy for hypercholesterolemia in cardiac transplant recipients. 
Am J Cardiol 1989;64:631-5. 

Narrod J, Kormos R, Armitage J, Hardesty R, Ladowski J, 
Griffith B. Acute rejection and coronary artery disease in 
long-term survivors of heart is elt J Heart Trans- 
plant 1989;8:418-20. 

Olivari MT, Homans DC, Wilson RE, Kubo SH, Ring WS. 
Coronary artery disease in cardiac transplant patients receiv- 
ing triple-drug immunosuppressive therapy. Circulation 
1989;80(Suppl 3):111-5. 

Renlund DG, Bristow MR, Crandall BG, et al. Hypercholes- 
terolemia after cardiac transplantation: amelioration by cor- 
ticosteroid-free ‘maintenance immunosuppression. J Heart 
Transplant 1989;8:214-20. 

Sarris EG, Mitchell RS, Billingham ME, Glasson JR, Cahill 
PD, Miller DC. Inhibition of accelerated cardiac allograft 
arteriosclerosis by fish oil. J] Thorac Cardiovasc Surg 1989; 
97:841-55. 

Stamler JS, Vaughan DE, Rudd MA, et al. Frequency of 
hypercholesterclemia after cardiac transplantation. Am J 
Cardiol 1988;62:1268-72. - 


Ann Thorac Surg 
1990;50:161-2 


Infection 


43. 


45. 


46. 


47. 


Balfour HH, Chace BA, Stapleton JT, Simmons RL, Fryd DS. 
A randomized placebo controlled trial of oral acyclovir for the 
prevention of cytomegalovirus disease in recipients of renal 


` allografts. N Engl J Med 1989;320:1381-7. 
. Dummer JS. In: Brest A, ed. Infectious complications of 


transplantation. Cardiovascular clinics. Philadelphia: FA Da- 
vis, 1990:163. 
Hofflin JM, Potasman I, Baldwin JC, Oyer PE, Stinson EB, 
Remirgton JS. Infectious complications in heart transplant 
recipients receiving cyclosporine and corticosteroids. Ann 
Intern Med 1987;106:209-16. 

Keay 3, Petersen E, Icenogle T, et al. Gancyclovir treatment 
of serious cytomegalovirus infection in heart and heart-lung 
transrlant recipients. Rev Infect Dis 1988;10:5563-72. 
Wreghitt TG, Hakim M, Cory-Pearce R. The impact of donor 
transmitted CMV and toxoplasmagondic disease in cardiac 
transplantation. Transplant Proc 1988;18:1375-9. 


Lymphoma 


48. 


49. 


Brumtaugh J, Baldwin JC, Stinson EB, et al. Quantitative 
analysis of immunosuppression in cyclosporine-treated heart 
transplant patients with lymphoma. J Heart Transplant 1985; 
4:307-11. 

Starzl TE, Nalesnik MA, Porter KA, et al. Reversibility of 
lymphomas and lymphoproliferative lesions developing un- 
der cy-losporin-steroid therapy. Lancet 1984;1:583-7. 


Pathology 


50. 


51. 


Hamrond EH, Yowell RL, Nunoda S, et al. Vascular (hu- 
moral) rejection in heart transplantation: pathologic observa- 
tions and clinical implications. J Heart Transplant 1989; 
8:430-<3. 

Imakita M, Tazellar HD, Billingham ME. Heart allograft 
rejection under varying immunosuppressive protocols as 
evaluazed by. endomyocardial biopsy. J Heart Transplant 
1986;5:279-85. 


Rejection 


52. 


53. 


54. 


55. 


Crandall BG, Renlund DG, O’Connell JB, et al. Increased 
cardiac allograft rejection in female heart transplant recipi- 
ents. J Heart Transplant 1988;7:419-23. 

Laufer G, Miholic J, Laczkovics A, et al. Independent risk 
factors predicting acute graft rejection in cardiac transplant 
recipients treated by triple drug immunosuppression. J Tho- 
rac Cardiovasc Surg 1989;98:1113-21. 

Renlurd DG, Gilbert EM, O’Connell JB, et al. Age-associated 
decline in cardiac allograft rejection. Am J Med 1987; 
83:391-8. 

Winters GL, Costanzo-Nordin MR, O'Sullivan EJ, et al. 
Predictors of late acute orthotopic heart transplant rejection. 
Circulation 1989 ER 3):106-10. 


Survival 


56. 


57. 


58. 


59. 


Greena PS, Cameron DE, Augustine S, Gardner TJ, Reitz BA, 
Baumgartner WA. Exploratory analysis of time-dependent 
risk forinfection, rejection, and death after cardiac transplan- 
tation. Ann Thorac Surg 1989;47:650-4. 

Griffith BP, Hardesty RL, Trento A, Kormos RL, Bahnson 
HT. Cardiac transplantation: emerging from an experiment 
to a service. Ann Surg 1986;204:308-14. . 

Heck CF, Shumway SJ, Kaye MP. The registry of the Inter- 
national Society for Heart Transplantation: sixth official re- 
port—1989. J Heart Transplant 1989;8:271-6. 

Opelz G. Effect of HLA matching in heart transplantation. 
Collabcrative heart transplant study. Transplant Proc 1989; 
21:94-6 


yy 


CORRESPONDENCE 





Computed Tomography in Selecting Patients for 
Mediastinoscopy 
To the Editor: 


I read with great interest the study by Thermann and associates 
[1] in which computed tomography was found a valuable selec- 
tion method for mediastinoscopy. In a similar study from our 
institution [2] we reached different conclusions and recom- 
mended mediastincscopy as a routine procedure in the preoper- 
ative staging of bronchial carcinoma. These results were also 
observed by other authors [3, 4], who concluded that computed 
tomography cannot select those patients who should have a 
mediastinoscopy because of its low sensitivity and specificity. 
In the study of Thermann and associates [1], the sensitivity and 
specificity of computed tomography are remarkably high (89.3% 
and 96.2%, respectively). The inclusion in the study of 12 patients 
with benign lesions and, on the other hand, the exclusion of 14 
patients (14.7% of the total group) who had bronchial carcinoma 
but did not undergo mediastinal lymphadenectomy for various 
reasons could introduce a certain bias. In my opinion, stratifica- 
tion of the results for benign and malignant disease, which was 
not made in the present study, could settle this issue more 
clearly. In this wav the sensitivity and specificity of computed 
tomography in the staging of bronchial carcinoma, which is more 
interesting in this kind of discussion, could be quite different. 


P. Van Schi, MD 


Department of General, Thoracic and Vascular Surgery 
University Hospital of Antwerp 

Wilrijkstraat 10 

B-2520 Edegem, Belgium 
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Reply 
To the Editor: 


A prospective study has to follow the protocol. The protocol of 
our study demanded preoperative staging procedures for all 
patients presumed to be operable for proven or suspected lung 
cancer. Therefore, the patients who had no malignancy in the 
definitive histological examination were included for they under- 
went the same staging procedures. The results of these patients 
can serve as a kine of control group. Looking only at the patients 
with postoperatively proven carcinoma denies the problems of 
preoperative staging procedures (as, for example, mediastinos- 
copy in a patient with a benign disease). 

The fact that patients were excluded for not fulfilling the 
protocol was a nezessary part of a prospective study, where all 
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patients admitted to the hospital were included. Patients were 
only evaluated when they had an intraoperative mediastinal 
lymph node dissection to get the most precise information about 
mediastinal lymph node involvement. Therefore, our protocol 
seems to be a good way to reduce (and not to introduce) bias. 

But the main point of disagreement of the two studies is the 
discrepancy in the results of the two staging methods. Mediasti- 
noscopy in the Belgian group has an extraordinarily high sensi- 
tivity of 91%, whereas in our group sensitivity is 79% [1]. On the 
other hand, computed tomography (CT) for mediastinal lymph 
nodes in the Belgian study has a sensitivity of 68% and a 
specificity of 57% (accuracy, 61%), which is poor. Three studies 
report accuracy rates between 81% and 88% [2-4]. No details are 
reported from the Belgian group as to who performed the 
evaluation of the CT scans. In our prospective study two expe- 
rienced radiologists who are co-authors (R.B., E.W.) were chal- 
lenged by the surgeons, sometimes repeating unclear CT exam- 
inations using the identical scanner. 

We completely agree with the Belgian authors that, on the 
basis of their superb mediastinoscopy and their poor CT results, 
distrust in CT is acceptable, although their conclusion is not 
helpful in the single case (“a more liberal use of mediastinoscopy 
seems to be justified”). But as the technical aspects of computed 
tomography improve (and, as we hope, those of magnetic 
resonance imaging) and images become more precise, the accu- 
racy of the radiologist will increase. 

Therefore, we believe that our conclusions are an acceptable 
mid-position between the opinions of the ““mediastinoscopists” 
and the “resectionists.” 


M. Thermann, MD 


Stadt Krankenanstalten Bielefeld-Mitte 
Klinik fur Allgemein- und Thoraxchirurgie 
Teutoburger Str 50, D-4800 Bielefeld 1 
Federal Republic of Germany 
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Endoscopic Relief of Airway Obstruction 
To the Editor: 


We read with interest the article by Mathisen and Grillo [1] and 
the editorial by McElvein [2] on endoscopic relief of airway 
obstruction. 

Mathisen and Grillo accurately describe the best technique of 
forceps resection during rigid bronchoscopy. We agree with them 
about the possibility, by such a technique, to relieve tracheobron- 
chial obstruction with good immediate results and relatively few 
risks. However, we do not agree at all that this technique might 
be considered better than mechanical-laser associated technique. 

In addition to the considerations provided by McElvein, we 
think that the procedure used by Mathisen and Grillo absolutely 
requires a skillful rigid bronchoscopist. Furthermore, forceps 


Ann Thorac Surg 1990;50:163-7 + 0003-4975/90/$3.50 


164 CORRESPONDENCE 


resection during rigid bronchoscopy is often accompanied by 
hemorrhage that, even if almost never life-threatening, generally 
brings management difficulties. Such a resection also lasts longer 
than our technique. However, the most important thing, in our 
opinion, is that the results of the mechanical resection persist 
significantly less than those obtained by mechanical-laser associ- 
ated technique. 

Before having a Nd-YAG laser, we performed endoscopic 
resections using a very similar method to the one described by 
Mathisen and Grillo in 52 patients. The median time between first 
and second treatment in 33 patients affected by bronchogenic 
carcinoma in whom we have not performed any other therapy 
was 29 days. In contrast, the median time between first and 
second laser treatment, not followed by any further therapy, was 
89 days in a second series of 108 patients affected by the same 
disease. 

In our opinion, therefore, the technique of Mathisen and Grillo 
is justifiable only as an emergency procedure and when the laser 
device is not available. 


Sergio Cavaliere, MD 
Marco Ardigé, MD 


Center for Respiratory Endoscopy and Laser Therapy and 
Anesthesia Department 

Spedali Civili 

Brescia, Italy 
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Reply 
To the Editor: 


Doctor Cavaliere and Dr McElvein are recognized proponents of 
the laser, and both have made important contributions in this 
area [1, 2]. Their published results speak for themselves and 
document that the laser is an alternative to rigid bronchoscopy to 
palliate malignant airway obstruction. We agree the laser is an 
acceptable method of treatment but not the only one as many 
have now come to believe. 

The rigid bronchoscope and biopsy forceps were originally 
designed for removal of endobronchial tumors. They have fallen 
out of favor primarily because surgeons have deferred endosco- 
pies to pulmonologists, the flexible bronchoscope has super- 
ceded the rigid bronchoscope, an unfortunate misperception of a 
high incidence of massive hemorrhage still exists (not docu- 
mented in the surgical literature), and many surgeons have an 
affinity for expensive, high technology. 

The rigid bronchoscope has certain advantages over the laser. 
The technique is simple, easy, quick, and effective. We were able 
to palliate over 90% of our patients. Our technique allows the 
patient to spontaneously ventilate throughout the procedure. 
The health care system is spared the cost of the laser and the extra 
expense of fees for using the laser, which are often two to three 
times what is charged for bronchoscopy. Indeed, many patients 
are in the final stages of their disease and cost-effectiveness must 
be taken into account. 

The greatest concern about the laser is that its use has largely 
gone unregulated and is rarely in the domain of the surgeon. This 
may lead to patients receiving palliative treatment when surgical 
cure is possible with bronchoplastic techniques now available. Of 
equally great concern is the inappropriate use of the laser to 
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“treat or cure” certain benign tumors of the airway. Few benign 
tumors can actually be treated in a curative sense with the laser 
unless a full-thickness injury is created in the wall of the airway. 
This would obviously lead to complications and would represent 
inadequate treatment. 

Doctor McElvein reports an advantage of the laser in dealing 
with lobar obstruction. It has always been our impression from 
the literature that the laser has serious limitations at the lobar 
level as well, but if it does not, this may represent an indication 
for its use. It is interesting that Cavaliere and associates [1] state, 
“We frequently use the rigid bronchoscope to scoop out the 
endoluminal mass. With neoplasms, the laser was used to 
coagulate the mass and after mechanical removal of the tumor, 
the airway wall was photocoagulated for hemostasis.” It would 
appear from this description that the laser is not used to resect 
tumors but to coagulate after the rigid bronchoscope and biopsy 
forceps are used to core them out. We feel that hemorrhage is 
rarely a problem if certain guidelines are followed and that any 
bleeding that ensues usually ceases spontaneously and requires 
no further treatment. It would therefore seem that the laser is 
superfluous. Doctor Cavaliere and Dr Ardig6 also state that 
airways remain patent longer with the laser. Our feeling is that 
the length the airway remains patent is a function of the success 
of irradiation or chemotherapy. 

In conclusion, if the laser is to be used we believe that 
regulations should be developed to control its use, that surgeons 
should be involved somewhere along the line to ensure surgically 
curable patients are not being inadequately treated, and that Dr 
Cavaliere’s expressed concern “that [our procedure] absolutely 
requires a skillful rigid bronchoscopist’”’ also equally applies to 
those using the laser. 


Douglas J. Mathisen, MD 
Hermes C. Grillo, MD 


Department of Thoracic Surgery 
Massachusetts General Hospital 
Harvard Medical School 
Boston, MA 02114 
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Malignant Fibrous Histiocytoma 
To the Editor: 


We read with great interest the two case reports about malignant 
fibrous histiocytomas by Paterson and colleagues [1] and Gut- 
tentag and associates [2]. Recently, we saw a similar case of this 
disease with involvement of the descending thoracic aorta and 
the left lower lobe of the lung. The report has been forwarded for 
publication to The Journal of Thoracic and Cardiovascular Surgery. 

In our case radiology as well as ultrasound imaging failed to 
differentiate between aneurysmatic and tumorous disease. This 
prompted us to confirm the diagnosis by needle biopsy. As we 
were aware of a tumor our surgical approach was radical, 
consisting of en bloc resection of the lower lobe and the adjacent 
aorta. Our patient had an uneventful recovery without any 
clinical or radiological sign of recurrence 9 months postopera- 
tively. 


oa 
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We somewhat disagree with the opinion of Paterson and 
colleagues that their malignant fibrous histiocytoma might have 
been induced by the Dacron vascular prosthesis. In our case as 
well as in the case report of Guttentag and colleagues the 
intraaortic tumor mass grossly looked like parietal thrombus. 
From our point of view the similar finding described by Paterson 
and colleagues at their primary surgical intervention most likely 
was already tumor. Unfortunately, there was no histological 
examination. 

The observations presented by Guttentag and co-workers are 
extraordinary interesting because in their case histological evi- 
dence of a malignant fibrous histiocytoma had been found 5 years 
before the aortic symptoms. Because autopsy revealed tumor in 
the descending thoracic aorta as well as in the left upper lobe, the 
right iliac crest, both adrenal glands, and the ninth vertebra, the 
primary origin remains uncertain. However, the 5-year interval 
between first appearance and fatal outcome lets us hope for a 
favorable prognosis for our patient. 


Joachim Laas, MD 
Christof Schmid, MD 


Department of Thoracic and Cardiovascular Surgery 
University of Hannover 

Konstanty-Gutschow-Str 8 

D-3000 Hannover 61, West Germany 
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Reply 
To the Editor: 


My co-authors and I wish to congratulate Drs Laas and Schmid 
on their successful resection of a malignant fibrous histiocytoma 
involving the left lower lobe and descending thoracic aorta. 
Although their patient appears to be free of disease 9 months 
postoperatively, we would advise that they closely monitor him 
for signs of recurrence because our own experience and that of 
others suggest that the presence of aortic involvement indicates 
an extremely poor prognosis. 


Harold L. Lazar, MD 


Department of Cardicthoracic Surgery 
Boston University Medical Center 
The University Hospital 

88 East Newton St 

Boston, MA 02118 


Reply 
To the Editor: 


Because it is not a policy of our Unit to undertake histological 
examination of every removed specimen, no histology was 
available from the original aneurysm resection. It is therefore not 
possible to deny the suggestion made by Drs Laas and Schmid 
that tumor was already present. We can only say that we have 
had a large experience in vascular surgery and the original 
specimen had all the features of an aneurysm with attached 
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thrombus; we were in no doubt that this was the correct 
diagnosis. The gross pathological features at the second opera- 
tion were completely different from those present at the first 
procedure, and we were in no doubt that on this occasion we 
were dealing with tumor although this was quite unexpected 
from the presentation. 


David Craddock 


Cardiothoracic Surgical Unit 
Royal Adelaide Hospital 
Adelaide, SA 5000 
Australia 








Polytetrafluoroethylene Posterior Annuloplasty for 
Mitral Regurgitation 
To the Editor: 


We read with interest the recent article by David and associates 
[1], which was an interesting study that emphasized the impor- 
tance of a flexible annuloplasty ring for preservation of better left 
ventricular function. Discussing the article, Dr D. L. Cosgrove 
stated that “the ideal annuloplasty ring should be universally 
flexible and provide a measured plication of the annulus of the 
posterior leaflet only. Currently, there is no annuloplasty ring 
that meets these requirements . . .” For the past 4 years, we have 
been using a technique of mitral annuloplasty [2] that approaches 
the requirements expressed by Dr Cosgrove. We employed as 
annular prosthesis a 4-mm polytetrafluoroethylene (PTFE) tube 


` graft of variable length (up to 6 or 7 cm). After valve procedures 


(leaflet resection or repair, chordal transposition or shortening), 
insertion of PTFE graft was performed using mattress sutures 
placed into the fibrous portion of the posterior annulus and 
extended anteriorly just beyond the anatomic commissures (Fig 
1). Proper spacing of the sutures assured desirable circumferen- 
tial constriction without mitral annulus distortion. The first use of 
a similar technique was reported in 1976 by Cooley and associates 
[3], but afterward it was dismissed. We have used PTFE posterior 
annuloplasty successfully in 58 patients undergoing operations 
for nonrheumatic mitral regurgitation. All patients but 2 had 
clinical and echocardiographic follow-up (1 to 50 months; mean, 
22 months). 

In our opinion, this type of annuloplasty presents several 


Table 1. Polytetrafluoroethylene Annuloplasty: Postoperative 
Echocardiographic Data in 56 Patients 


Variable Value 


Mitral valve area (cm?) 3.01 + 0.37 
Transmitral flow 

Velocity (m/s)? 

E/A ratio?” 
LVOT flow velocity (m/s)* 


Residual MR (No. of patients) 


1.1 + 0.37 (0.9 + 0.3) 
0.98 + 0.24 (1.3 + 0.6) 
1.05 + 0.13 (0.9 + 0.2) 


None or mild 50 
Moderate 3 
Severe 3 





a Values in parentheses are normal values. © Forty patients in sinus 


rhythm. 


E/A = protodiastolic/telediastolic;  LVOT = left ventricular outflow 


tract; MR = mitral regurgitation. 
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Fig 1. Posterior mitral annuloplasty with 
polytetrafluoroethylene prosthesis. Mattress 
sutures have been used to secure the pros- 
thesis to the posterior annulus. Quadran- 
gular resection and repair of the mural 
leaflet has been performed. 


advantages. (1) It is effective (Table 1) and provides durable 
results (5% reoperation rate) comparable with those of other 
series [4]. (2) The PTFE prosthesis is a higly flexible device that 
conforms to the natural annulus, and it is strong enough to 
prevent future annular dilatation (no patient exhibited a clinically 
significant increase in mitral valve area in follow-up). (3) Plication 
or reduction of the posterior annulus can be tailored to every 
pathological finding with regard to either the site (central or 
commissural) or the entity. (4) It preserves a satisfactory valve 
orifice (similar to the one reported by David and co-workers {1]}), 
and the transmitral flow indexes seem to show a nearly physio- 
logical flow (Table 1). (5) It does not lead to left ventricular 
outflow tract obstruction, sometimes observed with Carpentier’s 
ring [5], avoiding systolic anterior motion of the aortic leaflet. 


P. Fundaré, MD 
M. Salatt, MD 
A. Cialfi, MD 
C. Santali, MD 


Division of Thoracic and Cardiovascular Surgery 
“L. Sacco” Hospital 

via G, B. Grassi 74 

20157 Milano 

Italy 
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Reply 
To the Editor: 


Doctor Fundaro and associates are to be congratulated on their 
innovative approach to mitral annuloplasty. We have employed 
a similar technique during the last 2 years in 100 cases with 
excellent results, but have found that this technique failed to 
meet one of the criteria that I enumerated in my discussion of the 
paper by David and associates. This type of approach does not 
result in a measured plication of the posterior annulus. Rather, the 
plication of the posterior annulus varies depending on the 
tension that the surgeon places on individual mattress sutures. If 
excessive tension is placed on the sutures, the posterior annulus 
can be reduced to the point where the posterior leaflet is virtually 
obliterated. A device to eliminate this problem is currently under 
investigation in the animal laboratory with promising results. 


Delos M. Cosgrove, MD 


The Cleveland Clinic Foundation 
One Clinic Center 

9500 Euclid Ave 

Cleveland. OH 44195-5066 





Elevated Hemidiaphragm After Cardiac Operations 
To the Editor: 


The recent article by Curtis and associates [1] is similar to the data 
reported by us 2 years ago [2]. The article by Curtis and associates 
lists 20 references between 1957 and 1985, but for unknown 
reasons, it does not cite our publication, The conclusions are 
identical, namely that ice saline slush in the pericardium clearly 
is associated with a high frequency of phrenic nerve injury. 
Our data showed a much higher frequency of diaphragmatic 
palsy (73%), probably reflecting a difference in intensity and 
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duration of contact of the ice slush with the phrenic nerve. In our 
patients, the nerve injury was clinically significant, for 14% had 
serious respiratory disability. The report by Curtis and associates 
did not record an increase in morbidity, though one fatality was 
associated with bilateral phrenic injury. 

Importantly, the data in the report by Curtis and associates 
does demonstrate the reversibility of hypothermic phrenic in- 
jury, as 97% of their patients had normal chest roentgenograms 
after 2 years of follow-up, a point that is important in this 
medicolegal age. 

A number of reports have now clearly documented a high 
frequency of phrenic nerve injury with ice saline slush. Further- 
more, to our knowledge, there are no data demonstrating en- 
hanced myocardial preservation with slush that cannot be at- 
tained with cold saline solution. For this reason, we stopped the 
use of slush in all open heart it procedures over 2 years ago. 


Rick A. Esposito, MD 


New York University 
530 First Aùe, Suite D 
New York, NY 10616 
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Reply 
To the Editor: 


I appreciate being reminded of the important paper by Drs 
Esposito and Spencer [1]. The data collection and manuscript 
preparation for our report [2], although not published in final 
form until 1989, were completed in 1987, explaining our failure to 
cite their work. 

Their paper is extremely important because it shows convinc- 
ingly that the “liberal instillation of ice saline slush into the 
pericardial well every twenty minutes” will result in a high 
incidence of elevated diaphragm with attendant serious morbid- 
ity and mortality. Indeed itis difficult to understand why, in their 
prospective study, when elevated diaphragm developed in 3 of 4 
consecutive patients, the practice was continued ‘through 70 
patients, l l 

As the hazards of topical ice for myocardial cooling were well 
known, we tried to “get away” with the single application of ice 
slush to aid in rapid myocardial cooling. The slush was of melting 
snow consistency and was usually absent from the pericardial 
well ten minutes after application. In spite of this, we observed 
nearly.a one in four incidence of elevated diaphragm. As we had 
only recently reintroduced the internal mammary artery as a 
conduit in our practice and thé elevated diaphragm was almost 
always on the left, we felt that we were somehow damaging the 
phrenic nerve in the internal mammary artery preparation pro- 
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cess. This proved not to be the case. We did show that when 
topical ice slush is used even for brief periods of time, the 
incidence of elevated diaphragm is greater when the internal 
mammary artery is harvested. Presumably this is because of 
greater proximity of the ice to the phrenic nerve. This is consis- 
tent with recent experimental findings by Robicsek and col- 
leagues [3]. 

It seems clear that whether topical ice slush is administered 
briefly as in our report or liberally as in the report by Esposito and 
Spencer, the price to be paid for any salutatory benefit of this 
method of myocardial cooling will be an increased observation of 
elevated diaphragm with potentially serious consequences. 


Jack J. Curtis, MD 


Division of Cardiothoracic Surgery 
University of Missouri 

One Hospital Drive 

Columbia, MO. 65212 
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Minawement of Jehovah’s Witness Patients 
To the Editor: 


We have recently pretreated 3 members of the Jehovah’s Witness 
sect with the synthetic erythropoietin marketed by Amgen Inc 
under the trade name of Epogen. All of these were elderly 
patients who were anemic and required a cardiovascular surgical 
procedure. Two required coronary artery bypass and 1, resection 
of an abdominal aneurysm. Pretreatment with Epogen stimu- 
lated the bone marrow as evidenced by an increase in the 
reticulocyte count and a‘rising hemoglobin level. Treatment was 
carried through into the postoperative period until the hemoglo; 
bin level returned to nearly normal. 

We believe this is a'safe and useful adjunct in dealing with 
patients of the Jehovah's Witness ‘sect who require an operation 
in which blood loss and shortened red cell half-life can result in 
profound postoperative anemia. We recommend it as a safe and 
useful adjunct. 


E. Ross Kyger III, MD 
B. Randall Blakestad, MD 


Cardiovascular and Thoracic Surgical Associates of East Texas 
609 ‘S John Redditt Dr 
Lufkin, TX 75901 


PROGRAM 


1990 INTERIM MEETING 
THE SOCIETY OF THORACIC SURGEONS 


September 21-23, 1990 
Hyatt Regency Chicago, Chicago, Illinois 


Friday, September 21, 1990 


1:00 Welcoming Remarks 
W. Gerald Rainer, President 


Introduction to Program 
Richard P. Anderson, Secretary and Interim Meeting Program Chairman 


1:10-2:45 Medico-Legal Session 
Moderator: Thomas D. Bartley, Chairman, Committee on Medico-Legal Affairs 


STS Professional Liability Survey 
Thomas D. Bartley 


The AMA/Specialty Society Medical Liability Project 
James S. Todd 
Acting Executive Vice President, American Medical Association 


California Tort Reform 
Winfield J. Wells 
Member, Committee on Medico-Legal Affairs 


A Trial Lawyer's Perspective 
Joseph D. Jamail 
From the firm of Jamail and Kolius, Houston, TX 


INTERMISSION 


3:30-5:00 Health Care in America 
Moderator: Richard P. Anderson 


Health Care Needs—-The Consumer Viewpoint 

Robert E. McGarrah, Jr 

Director for Public Policy, American Federation of State, County, and Municipal 
Employees 


Health Care—A Political Perspective 

The Honorable Richard D. Lamm 

Professor, Leo Block Chair, Director, Center for Public Policy and Contemporary Issues, 
The University of Denver; Governor of Colorado, 1975-1987 


The Health Care Industry 

Austin Ross 

Vice President and Executive Administrator, Virginia Mason Medical Center; Clinical 
Professor, University of Washington School of Public Health and Community Medicine; 
Chairman, Ad Hoc Committee on Physician Involvement, American Hospital Association; 
Consultant, W.K. Kellogg Foundation 


Saturday, September 22, 1990 


7:00-11:00 Two workshops will address reimbursement and coding. 


7:00-8:30 Physician’s Breakfast Session 
This session will feature a representative from HCFA discussing recent changes affecting 
cardiothoracic reimbursement. 
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9:00-11:30 Coding Workshop for Office Personnel (Physicians welcome) 
Experts on CPT-4 and ICD-9 will explain the two coding systems and answer questions related to 
cardiothoracic billing. 


8:30-9:45 Plenary Session 
Moderator: W. Gerald Rainer 


The Canadian Experience 
Hugh E. Scully 
Member, Committee on Physician Reimbursement 


Thoracic Surgery Initiatives 
George E. Miller, Jr 
Chairman, Committee on Physician Reimbursement 


INTERMISSION 
10:30-12:00 Plenary Session 


Paul B. Ginsburg 
Executive Director, Physician Payment Review Commission 
Washington, DC 


Monica Noether 
Senior Economist, Abt Associates, Inc 
Cambridge, Massachusetts 


Glenn R. Markus 

STS Consultant on Physician Reimbursement and Government Relations 
Health Policy Alternatives, Inc 

Washington, DC 


12:00-1:30 Luncheon 
The Honorable Louis W. Sullivan 
Secretary, Department of Health and Human Services 


AFTERNOON SCIENTIFIC PROGRAM 


2:00-5:45 THREE PARALLEL SCIENTIFIC SESSIONS 


General Thoracic Surgery 
2:00 Management of Stage IIA Lung Cancer 
Robert J. Ginsberg, New York, NY 


2:20 Management of Barrett’s Esophagus 
F. Henry Ellis, Jr, Burlington, MA 


2:40 Esophageal Diverticula 
Mark B. Orringer, Ann Arbor, MI 


3:00 Pulmonary Resection for Metastatic Disease 
Thomas R. J. Todd, Toronto, Ont, Canada 


INTERMISSION 


4:10 Multimodality Treatment of Cancer of the Esophagus 
Joseph I. Miller, Atlanta, GA 


4:30 Mesothelioma 
Nael Martini, New York, NY 
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Parallel Scientific Sessions, continued 


4:50 


5:10 


2:00 


4:10 


4:30 


4:50 


5:10 


5:30-5:45 


2:00 


2:20 


3:00 


4:10 


4:30 


4:50 


5:10 


Pancoast Tumor 
Harold C. Urschel, Jr, Dallas, TX 


Management of Achalasia 

Mark K. Ferguson, Chicago, IL 

Adult Cardiac Surgery 

Challenges for Cardiac Transplantation in the Nineties 
Bartley P. Griffith, Pittsburgh, PA 


Heart-Lung Transplantation—1990 
Bruce A. Reitz, Baltimore, MD 


Current Status of Mechanical Circulatory Support 
D. Glenn Pennington, St. Louis, MO 


Cardiac Arrhythmia Surgery: Current Statue and Future Directions 
James L. Cox, St. Louis, MO 


INTERMISSION 


Surgery for Congenital Heart Disease in Adults 
James K. Kirklin, Birmingham, AL 


Valve Selection for Valve Replacement 
Mechanical Valves 
Cary W. Akins, Boston, MA 


Bioprosthetic Valves 
William R. E. Jamieson, Vancouver, BC, Canada 


Homograft Valves 
Robert B. Karp, Chicago, IL 


Panel Discussion: Questions and Answers 


Pediatric Cardiac Surgery 


Fontan Procecure: Techniques and Results With Tricuspid Atresia and Complex Single 
Ventricle 
Gordon K. Danielson, Rochester, MN 


The Arterial Switch Operation for Simple and Complex Forms of Transposition 
Edward L. Bove, Ann Arbor, MI 


Surgical Management and Results in Infants with Pulmonary Atresia With Intact 
Ventricular Septum 
William G. Williams, Toronto, Ont, Canada 


Surgical Management of Coarctation in Infants and Children 

Ralph D. Siewers, Pittsburgh, PA 

INTERMISSION 

Aortic, Mitral, and Pulmonary Valve Repair in Infants and Children 
Aldo R. Castaneda, Boston, MA 


Repair of Truncus Arteriosus in Infants 
Kevin Turley, San Francisco, CA 


Surgical Management of Tetralogy of Fallot 
Vaughn A. Starnes, Stanford, CA 


Anomalous Origin of the Left Coronary Ar-ery From the Pulmonary Artery 
John W. Brown, Indianapolis, IN 


Ann Thorac Surg 


7:00-10:30 
7:00-8:00 


8:30-10:30 


8:00-10:00 
8:00 


8:40 


9:20 


10:45-12:00 


10:45 


11:00 


11:15 


11:30 


11:45 


10:45 


11:00 


11:15 


11:30 


11:45 
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Sunday, September 23, 1990 
The Premier Presentation of the STS National Database 


Introductory Session for Members and Guests 
A review of the evolution and development of the National Database with a presentation of the first 
50,000 cases. 


Solving a Problem—Serving a Need 

A live demonstration of the National Database featuring a walk-through of the data entry forms, risk 
stratification system, data screens, and report capabilities with a focus on how the National Database 
can assist a cardiothoracic surgeon in his or her practice. 


PLENARY SESSION 


Lung Transplantation 
Joel D. Cooper, St. Louis, MO 


Hypoplastic Left Heart Syndrome 
Moderator: Aldo R. Castaneda, Boston, MA 


Surgical Repair 
William I. Norwood, Jr, Philadelphia, PA 


Cardiac Transplantation 
Constantine Mavroudis, Chicago, IL 


Coronary Revascularization 


Angioplasty—Current Indications and Results 
Spencer B. King, Atlanta, GA 


Coronary Bypass—Current Indications and Results 
Floyd D. Loop, Cleveland, OH 


THREE PARALLEL HOW-TO-DO-IT SESSIONS 
General Thoracic Surgery 


Management of Infected Median Sternotomy Wounds 
Geoffrey M. Graeber, Morgantown, WV 


Intrathoracic Lung Cancer Staging 
G. Alexander Patterson, Toronto, Ont, Canada 


Sleeve Lobectomy 
L. Penfield Faber, Chicago, IL 


Ivor-Lewis Esophagogastrectomy 
Victor F. Trastek, Rochester, MN 


Postpneumonectomy Empyema 
Peter C. Pairolero, Rochester, MN 


Adult Cardiac Surgery 


Revascularization With the Gastroepiploic Artery 
Bruce W. Lytle, Cleveland, OH 


Retrograde Cardioplegia 
W. Randolph Chitwood, Jr, Greenville, NC 


Adult Homograft Aortic Valve Replacement: Surgical Challenges Requiring a Spectrum of 
Techniques for Solution 
Richard A. Hopkins, Washington, DC 


Mitral Valve Repair—1990 
Delos M. Cosgrove II, Cleveland, OH 


Treatment of Aortic Dissection—Updated 
E. Stanley Crawford, Houston, TX 
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Pediatric Cardiac Surgery 


Ann Thorac Surg 


Postoperative Management of Pulmonary Hypertension in Infants and Children Induding ECMO 


Cryopreserved Allograft Valve Conduits aná Vascular Tissue in the Repair of Complex 


10:45 
James A. Alexander, Gainesville, FL 

11:00 Atrioventricular Septal Defect Repair in Infancy 
Frank M. Midgley, Washington, DC 

11:15 What to Do If It Can't Be Fixed: Closed Palliative Procedures 
Anthony L. Moulton, Omaha, NE 

11:30 Surgical Ablation of Arrhythmias in Children 
David A. Ott, Houston, TX 

11:45 
Congenital Heart Disease 
David R. Clarke, Denver, CO 

12:00 ADJOURNMENT 


GENERAL INFORMATION 


Registration and Fees 


An advance registration form with hotel reservation in- 
formation will be mailed to Society members. Nonmem- 
bers should write to the Secretary, Richard P. Anderson, 
MD, The Society of Thoracic Surgeons, 111 E Wacker Dr, 
Chicago, IL 60601. 

Members and Candidate Members are not required to 
pay a registration fee for the general sessions. The fee for 
other physicians is $200, except guest speakers. Each 
resident will be charged $30 and will be required to 
present a letter from his or her chief of service to take 
advantage of this discounted fee. This letter can accom- 
pany an advance registration form or be presented at the 
time of on-site registration. If no letter accompanies the 


registraticn form, he or she will be charged the guest fee 
of $200. Nurses and paramedical personnel may register 
upon payment of a $30 registration fee and presentation 
of a letter of introduction from a Society member. 


Accreditation 


The Interim Meeting of The Society of Thoracic Surgeons 
is accredited by the Accreditation Council for Continuing 
Medical Education to sponsor continuing medical educa- 
tion for physicians. One credit hour in Category I of the 
Physician's Recognition Award of the American Medical 
Association may be claimed for each hour of participation 
by the individual physician. 


1991 Annual Meeting of 


The Society of Thoracic Surgeons 


The 1990 meeting is an Interim Meeting to be held at the. 
Hyatt Regency Chicago in Chicago, Illinois, September 
21-23, 1990. No abstracts are solicited for that program. 

The Twenty-seventh Annual Meeting will be held at the 
San Francisco Moscone Center in San Francisco, Califor- 
nia, February 18-20, 1991. 


APPLICATION FOR MEMBERSHIP 

(Deadline: September 1, 1990) 

Requests for application forms for membership in The 
Society of Thoracic Surgeons should be addressed to 
James L. Cox, MD, Chairman, Membership Committee, 
The Society of Thoracic Surgeons, 111 E Wacker Dr, 
Chicago, IL 60601. 

The completed application forms and supporting letters 
must be in the hands of the Membership Committee by 
September 1, 1990, for the applicant to be considered for 
election at the meeting in February 1991. 


CALL FOR ABSTRACTS 

(Deadline: September 12, 1990) 

Abstracts for papers to be presented at the 1991 Annual 
Meeting are now being accepted. The deadline for receipt 
of abstracts is September 12, 1990. An original and one 
copy should be submitted, using the official Society ab- 
stract form (on verso of this page), to Alexander S. Geha, 
MD, and Robert A. Guyton, MD, Co-Chairmen, Program 
Committee (Abstracts), The Society of Thoracic Surgeons, 
111 E Wacker Dr, Chicago, IL 60601. Additional forms 
are available upon request from The Society. Abstracts 
must summarize an original contribution not presented or 
accepted for presentation elsewhere. Abstracts must be in 
the hands of the Program Committee by September 12, 
1990. Abstracts received after the deadline will not be 
considered. It is requested that the covering letter indicate 
the author who is to receive notice of acceptance or rejection 
and the author who will present the paper. 

The Thoracic Surgery Directors Association (TSDA) has 
established a Resident Presentation Award for 1991. Po- 
tential TSDA Resident Award abstracts must represent 
original work by the resident, who is to be first author and 
presenter. TSDA Resident Award abstracts may be directed 
to the regular Scientific Session or the Research Forum. 

Essayists are reminded that according to the bylaws of 
The Society, all papers accepted for presentation: (1) must 
be submitted in triplicate to the Secretary at the time of 
presentation or to the Editor of The Annals of Thoracic 
Surgery prior to presentation; and (2) become the property 
of The Society if they are accepted for presentation. 

It is well recognized that abstracts frequently belie their 
content by virtue of poor organization, and as a result 
valuable contributions to the Scientific Sessions may be 
unrecognized. It is important that methods and results be 
clearly defined in the abstract; therefore, general state- 
ments such as “results will be presented” are not accept- 
able. When a procedure or method is stated to have 
“advantages,” those advantages should be defined. Ab- 
stracts that simply summarize results without defining 
objectives and methods are equally undesirable. 


Speakers for accepted papers are limited to ten minutes. 


Instructions for Abstracts 

The official abstract form printed on verso of this page and 
available from The Society, or photocopies thereof, must 
be used. Authors must categorize the principal subject of 
their abstract by checking the appropriate box. 

If the author wishes to submit the abstract for consid- 
eration for the Thoracic Surgery Directors Association 
Award competition, the additional appropriate box must 
be checked. Also, the name of the Program Director must 
appear on a TSDA Resident Award abstract. 


1. Full names of authors must appear on the abstract. 

2. Institution or address is to be given, but omit titles, 
degrees, and appointments. 

3. Abstracts must be limited to 250 words and must be 
typed double-spaced. 

4, When percentages are used, the absolute numbers of 
derivation must be stated. 

5. The body of the abstract should include: 

a. A brief statement of the purpose of the study being 
presented, with reference to the current state of 
research in the field. 

b. The methods of study or experimental approach 
clearly, but briefly, defined. 

c, A summary of the results and/or conclusions of the 
study, including sufficient details to support those 
conclusions. 

d. Astatement concerning the significance of the work 
and its possible implications for further research. 

6. The form must be signed by the senior author attesting 
that the material will not be presented elsewhere if 
accepted for the scientific program nor published else- 
where if accepted for publication in The Annals of 

Thoracic Surgery. 


In discussion of papers, The Society encourages a healthy 
spirit of constructive critical review and rebuttal by com- 
ments pertinent to the content of the paper being pre- 
sented. Presentation of discussion in the form of “second- 
ary papers” will not be welcomed. 


CALL FOR SURGICAL FILMS OR VIDEO TAPES 
(Deadline: September 1, 1990) 

The popular surgical movie program will again be pre- 
sented at the San Francisco meeting. The Program Com- 
mittee hereby solicits thé submission of surgical films, 
which may portray a surgical procedure or simply a 
technical maneuver that the surgeon thinks will be of 
interest to The Society. The film may not exceed ten 
minutes in length. Sound movies are acceptable but not 
necessary; however, live narration by the principal sur- 
geon is a requirement for participation in the movie night 
program. The movies should be on 16-mm film or %-inch 
U-Matic video tape. The deadline for submission is Sep- 
tember 1, 1990. Films and video tapes also should be sent 
to Alexander S. Geha, MD, and Robert A. Guyton, MD, 
Co-Chairmen, Program Committee, at The Society of ` 
Thoracic Surgeons, 111 E Wacker Dr, Chicago, IL 60601. 


Richard P. Anderson, MD 
Secretary 
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Sinnature of Seniar Author 


Information About Membership in 


The Society of Thoracic Surgeons 


The Society of Thoracic Surgeons (STS) is the largest 
organization of its kind devoted primarily to the practice 
of thoracic and cardiovascular surgery. The major pur- 
pose of The Society is educational, with the aim of 
providing thoracic and cardiovascular surgeons from both 
academic and private practice environments a forum for 
presentation and discussion of scientific topics. As out- 
lined in the original bylaws of The Society, this education- 
al emphasis is designed to accomplish the broader goal of 
improving the quality and practice of thoracic and cardio- 
vascular surgery as a specialty. 

The STS recently celebrated its 25th Anniversary, hav- 
ing been founded in 1964. Since its inception, The Society 
has grown continually so that at present the membership 
includes the majority of board certified thoracic surgeons 
in the United States as well as thoracic and cardiovascular 
surgeons from 45 other countries. 

In addition to an annual scientific meeting, the STS has 
more than 20 committees working on diverse matters 
related to improving thoracic and cardiovascular surgery 
as a specialty. Examples of these committees are: Stan- 
dards and Ethics, Government Relations, Medico-Legal 
Affairs, Surgical Standby for PTCA, Physician Reimburse- 
ment, CPT-4 Advisory, Education and Resources, and 
Cardiothoracic Surgical Practice Guidelines. The Commit- 
tee to Analyze Circulatory Assist Devices and Artificial 
Hearts sponsors topical meetings (next meeting, Novem- 
ber 15-17, 1991, in San Francisco). The Committee to 
Develop a National Database for Thoracic Surgery plans 
to implement the first comprehensive database program 
for thoracic and cardiovascular surgeons in the United 
States; it will be offered to members in the near future. 

There are five types of membership in The Society of 
Thoracic Surgeons: active, senior, honorary, internation- 
al, and candidate. 


Active Member Applicants for active membership must 
be surgeons whose practice is devoted primarily to the 
field of thoracic and cardiovascular surgery. 

QUALIFICATIONS: Applicants must be Diplomates of 
the American Board of Thoracic Surgery or Fellows in The 
Royal College of Surgeons of Canada, and be established 
in the practice of thoracic and/or cardiovascular surgery 
for a minimum of three years. There must be sponsoring 
letters from three active STS members. 





Senior Member Any active member or international 
member, upon reaching the age of sixty-five years, shall 
automatically become a Senior Member. 


Honorary Member Honorary Membership shall be re- 
served for distinguished persons worldwide who have 
achieved prominence in the field of thoracic and cardio- 
vascular surgery and have contributed to its advance- 
ment. Honorary members shall be elected by a majority 
vote of The Society at its annual business session upon 
recommendation of the Council of the STS. 


International Member Members from countries other 
than the United States and Canada were previously 
accepted only as active members. Because of differences 
in training and practice, the application process for for- 
eign members was often complex and time consuming. To 
allow for greater participation by thoracic and cardiovas- 
cular surgeons from other countries, the bylaws have 
been revised to provide for a category of International 
Member, which is the category for all members outside 
the United States and Canada. 

QUALIFICATIONS: Applicants shall reside outside the 
United States and Canada. Their training in this specialty 
shall be considered equivalent to that of Active Members. 
They shall have achieved appropriate certification or 
recognition of achievements in this specialty in their 
country and must devote the majority of their profession- 
al efforts to the interests of the specialty. Appropriate 
documentation of professional achievements shall be pro- 
vided to the Membership Committee. 


Candidate Member Candidate membership was created 
to allow participation of younger surgeons in the time 


` prior to being qualified for active membership. 


QUALIFICATIONS: Applicants shall be enrolled in a tho- 
racic and cardiovascular training program accredited by 
the Residency Review Committee for Thoracic Surgery 
under the authority of the Accreditation Council for 
Graduate Medical Education or in a similar program 
approved for training by The Royal College of Surgeons of 
Canada. Also, individuals who have completed their 
training in one of the above programs and are in process ' 
of acquiring certification by the American Board of Tho- 
racic Surgery or The Royal College of Surgeons of Canada 
are eligible for this type of membership. 


If you would like to receive an application for membership in The Society, send the request printed below. This year’s deadline for 
receipt of applications is September 1, 1990. We suggest you apply soon as it takes time to process the application. Approved 
applications will be presented to the membership at the February 1991 Annual Meeting in San Francisco. 





REQUEST FOR APPLICATIONS 


Please send an application for: L] Active membership 
TO: NAME: 
ADDRESS: 


TELEPHONE NUMBER: 


C International membership 


O Candidate membership 














Send to: James L. Cox, MD, Chairman, Membership Committee 
The Society of Thoracic Surgeons, 111 East Wacker Drive, Suite 600, Chicago, IL 60601 


Telephone: (312) 644-6610; FAX: (312) 938-1214 
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EVENTS OF INTEREST 


Brief notices of meetings, courses, and symposia relevant 
to cardiothoracic surgery are published as a service. They 
should be formatted as follows: meeting title, date, place, 
- sponsor, accreditation, director, fee, minimum/maximum 
attendance, and address/phone for further information. 


New Devices for the Cardiac and Peripheral 
Vascular Laboratories, Orlando, Florida— 

July 2-6, 1990 

This meeting is sponsored by the Pittsburgh Vascular 
Institute and the Pittsburgh Heart Institute of Shadyside 
Hospital, Pittsburgh, PA, and is accredited for 15 hours in 
category 1 of the Physician’s Recognition Award of the 


AMA. For information on this meeting, contact Shadyside ' 


Hospital, New Devices Technology Workshop, 5230 Cen- 
tre Ave, Pittsburgh, PA 15232; or ee (412) 622- 
1051. 


Seventh Godgiess of the European Society of 
Biomechanics, Aarhus, Denmark—July 8-11, 1990 
For information on this meeting, contact Seventh Con- 
gress of ESB, Biomechanics Laboratory, Crthopaedic Hos- 
pital, Randersvej 1, 8200 Aarhus N, Denmark; or tele- 
phone 45-616-7500, extension 4649. 


Myocardial Preservation Into the 21st Century, 
Oxford, England—August 12-15, 1990 

For information on this meeting, contact Beverly Farrier, 
-ProMedica International, 620 Newport Center Drive, 
Suite 575, Newport Beach, CA 92660; or telephone (714) 
640-5870 (facsimile: (714) 759-6911). | 


Thirty-ninth Annual Meeting of the 
Scandanavian Association for Thoracic and 
Cardiovascular Surgery and the Scandanavian 
Society for Extracorporeal Technology, Reykjavik, 
Iceland—August 29-31, 1990 

For information on this meeting, contact G. Olafsson, 
MD, Chairman, Department of Thoracic and Cardiovas- 


Announcements should be sent at least 4 months in 
advance >f publication to The Annals of Thoracic Surgery, 
3108 Queeny Tower, Barnes Hospital Plaza, St. Louis, 
MO 63110-1041; telephone, (314) 361-6084. 


cular Surgery, Landspítalinn, University Hospital, Reyk- 
javik, Iceland. 


Thirty-ninth Congress of the European Society for 
Cardiovascular Surgery, Budapest, Hungary— 
September 9-12, 1990 

For information on this meeting, contact Budapest Con- 
vention Centre, H-1444, PO Box 233, Budapest XI, Jagello 
u 1-3, Hungary; or telephone (361) 852-507 (facsimile: 
(361) 665-636; telex: 22-7717). 


Fourth Annual Meeting of the European 
Association for Cardio-thoracic Surgery, Naples, 
Italy—Sz2ptember 17-19, 1990 

For information on this meeting, contact the Organizing 
Secretarict, MCM, Rione Sirignano, 5, 80121 Naples, Italy; 
or telephone (0)81/7611085-7611277 (facsimile: (0)81/ 
664372; telex: 710626). ` 


Second Annual Meeting of the International 
Society for Applied Cardiovascular Biology, 
Venice Lido, Italy—September 17-20, 1990 

For information on this meeting, contact the Congress 
Secretariet, Kele Teo, San Marco 4930, Venice, Italy. 


Interim Meeting of The Society of Thoracic 
Surgeons, Chicago, Illinois— 

September 21-23, 1990 

For information on this meeting, contact Richard P. 
Anderson, MD, The Society of Thoracic Surgeons, 111 
East Wacker Dr, Chicago, IL 60601-4301; or telephone 
(312) 644-6610. 
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Mechanical Circulatory Support 1990, London, 
England—September 26-28, 1990 

For information on this meeting, contact Anne Sumner, 
Mechanical Circulatory Support 1990, Medical Research 
Services, 60 Oxford St, Southampton SO] 1DL, Hants, 
England; or telephone 0703 231068. 


Controversies in Cardiovascular Disease: Surgical 
Versus Medical Treatment, Aalst, 
Belgium—September 28-29, 1990 

For information on this meeting, contact Dr F. Wellens, 
Department of Cardiovascular Surgery, O.L. Vrouwziek- 
enhuis, Moorselbaan 164, B-9300 Aalst, Belgium; or tele- 
phone 053/78 53 53 (facsimile: 053/78 38 76). 


American College of Surgeons, San Francisco, 
California—October 7-12, 1990 

For information on this meeting contact American College 
of Surgeons, 55 E Erie St, Chicago, IL 60611; or tele- 
phone (312) 664-4050. 


Fifty-sixth Annual Scientific Assembly, American 
College of Chest Physicians, Toronto, Ontario, 
Canada—October 22-26, 1990 

This meeting is sponsored by the American College of 
Chest Physicians and the International Academy of Chest 
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Physicians and Surgeons. For information, contact the 
American College of Chest Physicians, 911 Busse High- 
way, Park Ridge, IL ‘60068; or telephone (708) 698-2200. 


Thirty-seventh Annual Meeting of the Southern 
Thoracic Surgical Association, Cerromar Beach, 
Puerto Rico—November 8-10, 1990 

For information on this meeting, contact Gordon F. Mur- 
ray, MD, Southern Thoracic Surgical Association, 111 East 
Wacker Dr, Chicago, IL 60601-4301; or telephone (312) 
644-6610 (facsimile: (312) 938-1214). 


Sixty-third Scientific Session of the American 
Heart Association, Dallas, Texas— 

November 12-15, 1990 

For information on this meeting, contact American Heart 
Association, 7320 Greenville Ave, Dallas, TX 75231; or 
telephone (214) 750-5300. 


Twenty-seventh Annual Meeting of The Society 
of Thoracic Surgeons, San Francisco, California— 
February 17-20, 1991 

For information on this meeting, contact Richard P. 
Anderson, MD, The Society of Thoracic Surgeons, 112 
East Wacker Dr, Chicago, IL 60601-4301; or telephone 
(312) 644-6610. 


CLASSIFIED ADS 


Classified ads for positions wanted or available must relate only 
to the thoracic or cardiovascular surgical specialties. Display 
space (minimum, Y4 page) is also available through Media for 
Medicine, Inc, 440 Park Avenue South, New York, NY 10016 
(telephone: (212) 684-5540; facsimile: (212) 545-0651). All ads are 
subject to the approval of the editor, and material deemed 
inappropriate for publication in The Annals will be rejected. If 
anonymity is desired, please indicate this at the time of submis- 
sion and a code number will be assigned. All responses received 
will remain confidential in the publisher's office and will be 
conveyed to the advertiser shortly after receipt. The charge for all 
classified advertising is $1.10 per word per insertion, minimum 
20 words. Abbreviations, dates, initials, post office box numbers, 
telephone numbers, years, and zip codes are considered one 
word each. There is an additional fee of $15.00 per insertion for 
box number ads. The copy deadline is 7 weeks prior to publica- 
tion, eg, for the March issue, copy should be received by the 1st 
of January. Ad orders should be for a maximum of 6 months; ads 
may be renewed for up to 6 months at a time. Ad copy should be 
typed double-spaced and mailed in duplicate to: The Annals of 
Thoracic Surgery, Desk Editorial, Classified Ads, Elsevier Science 
Publishing Co, Inc, 655 Avenue of the Americas, New York, 
NY 10010 (facsimile: (212) 633-3695). Make nonrefundable check 
payable to Elsevier Science Publishing Co, Inc. 


Please note that The Annals does not functicn as a placement 
service and cannot provide information on advertised positions. 
When answering advertisements, please write individually to 
each advertiser you wish to contact, using the address given in 
the ad. To respond to an anonymous ad, write to Box Number, 
The Annals of Thoracic Surgery, Elsevier Science Publishing, 655 
Avenue of the Americas, New York, NY 10010. 


SITUATIONS AVAILABLE 


Cardiothoracic surgeon wanted for a busy, expanding, 3-man, 
private practice group in the Midwest. Applicant must be ABTS 
eligible or certified. Prefer recent graduate with some background in 
electrophysiologic surgery. Please send curriculum vitae. 
Please respond to Box 189. 189H/G 
Associate Director for Heart Transplantation is urgently needed 
for rapidly expanding heart transplantation program in California. 
Please respond with curriculum vitae to the Pacific Cardiotho- 
racic Surgery Group, 201 S Alvarado St, Suite 626, Los Angeles, 
CA 90057. 240L/K 


Cardiovascular and thoracic surgeon, board eligible/certified, 
wanted to join well-established private practice located in Ft. 
Lauderdale, FL. Send CV. 
Please respond to Box 251. 251L/K 
Cardiovascular and thoracic surgeon, board eligible or certified, 
wanted to join another surgeon in private practice in the South- 
east. Please respond with curriculum vitae. 
Please respond to Box 252. 252G/L 
Cardiovascular and thoracic surgeon: Position available for board 
certified or board eligible person to join busy practice involved in 
adult cardiac, thoracic, and vascular surgery in major New England 
city. Association will lead to partnership. Excellent fringe benefits. 
Please send curriculum vitae. 
Please respond to Box 291. 291B/G 
Cardiothoracic/vascular surgeon wanted to join established prac- 
tice in Ohio. Recent graduate preferred. Please submit curricu- 
lum vitae and three references. 
Please respond to Box 302. 302C/ 
Cardiac surgeon wanted to join established private practice in 
Eastern PA. Primarily adult cardiac. BC/BE required. Please send 
CV. 


Please respond to Box 315. 315D/1 


Cardiovascular and thoracic surgeon, board eligible or certified, 
wanted ta oin another physician in private practice in Northeast. 
Immediate availability. Please respond with curriculum vitae. 


Please respond to Box 316. 316D/ 
Excellent cpportunity for recent graduate, board eligible or certi- 
fied, for private practice of cardiac, thoracic, and major vascular 
cases in Great Lakes area. Include references and curriculum vitae. 


Please respond to Box 335. 335E/G 
Cardiothoracic surgeon needed for expanding program in mid- 
Michigan. Primarily adult cardiac and thoracic. BC/BE required. 
Please send CV with references. 


Please respond to Box 337. 337E/J 
Cardiovascular and thoracic surgeon: Position available for a 
board cer-ified or eligible cardiovascular and thoracic surgeon to 
join a 2-men private practice involved with adult cardiac, thoracic, 
and peripxeral vascular surgery in a desirable eastern metropolitan 
area. Association features competitive salary, excellent fringe ben- 
efits, and 2 goal of early partnership. Please send curriculum vitae. 


Please respond to Box 339. 339E/G 
Cardiothozacic surgeon: Excellent opportunity in mid-West for 
experienced cardiothoracic surgeon to join highly regarded 
board-cert-fied physician who is Chief of Cardiothoracic Service 
at 450-bed community teaching hospital. Very active practice in 
adult oper. hearts and general thoracic. Private practice associa- 
tion leadirg to partnership. 


Please cortact Jeanne Dowrick, Fulton, Longshore and Associ- 
ates, 527 Plymouth Rd, Plymouth Meeting, PA 19462; tele- 
phone (800) 346-8397 or (215) 834-6780. 341E/G 


Cardiothcsacic surgeon wanted for busy, expanding Southeastern 
private group in regional medical center with university affiliation. 
Practice includes most aspects of adult and pediatric cardiac and 
thoracic surgery. Surgeon must be board eligible or certified with 
contemporary training. Excellent opportunity for suitable applicant. 


Please respond to Box 342. 342F/1 
Cardiotho-zacic surgeon: The Oregon Health Sciences University, 
Division zf Cardiopulmonary Surgery, with strong active pro- 
grams in all aspects of cardiopulmonary surgery and heart 
transplantetion, has an academic position available at the Assistant 
Professor l2vel. Candidates should be eligible for or certified by the 
American 3oard of Thoracic Surgery. Outstanding opportunity for 
an individual with excellent clinical skills, a track record of academic 
productivity, and a commitment to research and teaching. Two to 
four years of post-residency clinical experience is highly desirable. 


Applicants are invited to respond with curriculum vitae to Adnan 
Cobanoglu, MD, Professor and Chief, Division of Cardiopulmo- 
nary Surgery, The Oregon Health Sciences University, 3181 SW 
Sam Jackson Park Rd, Portland, OR 97201. 346F/G 


Thoracic surgery residency: Residency in thoracic surgery. Posi- 
tion available July 1991 at the University of Massachusetts Med- 
ical Schoci/Hospital. Three-year program includes training in 
adult and pediatric cardiac and general thoracic surgery. 


Interested candidates may contact Thomas J. Vander Salm, MD, 
Department of Surgery, University of Massachusetts Medical 
Center, 52 Lake Ave North, Worcester, MA 01655. 347F/H 


Cardiovascular and thoracic surgeon: Excellent opportunity to 
join a busy north central Florida group. Practice specializes in 
adult carciac and thoracic surgery. Excellent benefit package. 
Please reply with curriculum vitae. 


Please res>ond to Box 348. 348F/K 





Cardiovascular and thoracic surgeon, BE/BC, to join in 2-man 
private practice in cardiovascular and thoracic surgery in the 
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Northeast. Excellent benefits package. Association will lead to 
partnership. Please send curriculum vitae. 


Please reply to Box 350. 350F/K 


Cardiovascular surgeon—to join two Diplomates of Thoracic 
Surgery in a practice located in east central Michigan. Group 
includes physician assistants, surgical technicians, registered 
nurses, and ancillary office personnel. Perfusionists are hospital 
based. The group has 2 months’ elective wait list. Eighty percent 
of practice is coronary bypass. 


Please respond to Box 351. 351G 


Assistant surgeon sought for busy adult cardiothoracic surgery 
practice. Entire responsibility will be to assist 4 senior surgeons in 
the operating room. Board certification or eligibility in general 
surgery and some experience in vascular and/or thoracic surgery 
helpful, though not essential. Generous salary and fringes. Position 
is available immediately and could be permanent. Ideal location in 
very pleasant, small city near major eastern metropolitan centers. 


Please respond to Lawrence I. Bonchek, MD, 555 North Duke St, 
Lancaster, PA 17603; (717) 295-8395. 352G/H 


Position available for thoracic boarded (or eligible) surgeon with 
large private group practice based in metro-NYC area (Newark). 
University affiliated (UMDNJ). 

Please send CV to D. C. Syracuse, MD, 5 Franklin Ave, Suite 310, 
Belleville, NJ 07109. 353G 


Cardiothoracic surgeon needed for established program in scenic 
Montana. Unique opportunity for congenial private practice 
lifestyle combined with high-tech hospital environment including 
dedicated cardiac OR, cardiac anesthesia, and cardiac intensive care 
unit. Solo practice or association leading to partnership. Could be 
experienced surgeon or recent graduate from quality program. 


Please respond to Box 354. 354G/L 


BC/BE general/thoracic surgeon—California: We need a general 
surgeon who is also trained in thoracic surgery and interested in 
an excellent practice doing general and thoracic surgery (no open 
heart). We offer the opportunity to establish your own private 
practice with no investment, guaranteed income. Well-equipped 
112-bed full-service hospital. A growing area with new busi- 
nesses and stable economy. Our service area population is now 
90,000. Located in central California near Sequoia National Park. 
Tulare offers an excellent family-oriented lifestyle with all ex- 
pected amenities. Beautiful homes, located close to hospital and 
office, are affordably priced. Good schools, many community 
activities, and abundant recreation including golf, tennis, skiing, 
mountain and equestrian activities. Easy access to all California’s 
major metropolitan and resort areas. 


Please contact Tulare District Hospital Physician Recruiting Office, 
PO Box 90112, Los Angeles, CA 90009; (800) 468-2687. 355G/H 


Thoracic surgeon wanted: A busy thoracic practice 20 miles south 
of Boston seeks to add a third surgeon by July 1991. Candidate 
must be board certified or eligible. This active practice operates 
from a multihospital referral base. The community is an ideal area 
for family living, with excellent schools and nearby Boston and 
Cape Cod cultural and recreational facilities. Competitive salary, 
malpractice insurance, and excellent benefit package. Please 
respond with CV. 


Please respond to Box 356. 356G/L 


Cardiovascular and thoracic surgeon: Position available for a 
BC/BE surgeon to join expanding surgical practice associated with 
highly trained invasive cardiologists and cardiac anesthesiologists 
in Ocala, Florida. (Ocala is located in the center of Florida, 75 miles 
north of Orlando.) Excellent benefits package, including great 
location for family activities. Recent graduates considered. 

Please send a curriculum vitae to Wayne McGraw, Executive 
Director, Ocala Heart Institute, PO Drawer 3130, Ocala, FL 
32678. 357G/I 
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Cardiovascular-thoracic surgeon—BE/BC to join established and 
growing 2-surgeon group in northeastern US. Practice includes 
high volume cardiac and general thoracic surgery. Recent trainee 
preferred. Submit CV. 


Please reply to Box 358. 358G 


Cardiovascular and thoracic surgeon—board eligible or quali- 
fied—wanted to join 4 physicians in very active private practice in 
greater Chicago area. Respond with curriculum vitae. 

Please respond to Box 359. 359G/H 


Cardiovascular and thoracic surgeon: The Department of Tho- 
racic and Cardiovascular Surgery at a busy midwestern univer- 
sity hospital looking for BE/BC thoracic and cardiovascular sur- 
geon. Excellent fringe benefits. We are an affirmative action/equal 
opportunity employer. Please send CV. 


Please respond to Box 360. 360G 


Cardiothoracic and vascular surgeon, board eligible/certifiec 
with experience in adult cardiac thoracic and vascular surgery, 
wanted to join well-established practice located in southern 
California. Send CV and references. 


Please respond to Box 361. 361G/H 


Cardiovascular/thoracic surgeon, BC/BE, to join well-established 
private practice on Florida west coast. Expertise in adult cardiac, 
vascular, and thoracic surgery required. Recent graduate with 
transplant experience preferred. Excellent compensation and 
benefits leading to full partnership. Please include curriculum 
vitae and references with response. 


Please respond to Box 363. 363G/] 


SITUATIONS WANTED 


Cardiothoracic surgeon, 34, American, NE university training, 10 
months private practice experience, wishes to relocate. ABS, ABTS 
eligible. Experienced in adult coronary reoperations, ventricular 
assists, and electrophysiologic surgery. Seeks practice in Southwest/ 
Southeast. Curriculum vitae and references upon request. 


Please respond to Box 318. 318D/G 


Cardiovascular and thoracic surgeon, 41, University trained, 
wishes to relocate. ABS and ABTS certified, member of the STS, 
ICS, ISHT, ACC, and AHA. Author of several publications. 
Currently experienced in IMA surgery, valve repair and replace- 
ment. Ten years ago developed a successful and busy pediatric 
cardiac surgery program, with extensive experience in neonates 
and infants. 


Please respond to Box 343. 343F/H 


FELLOWSHIPS 


Fellowship in cardiothoracic surgery: Immediate vacancy for 
1-year position in adult cardiothoracic surgery with significant 
involvement in transplantation. Potential for laboratory research 
in artificial heart program as well. 


Please send CV to Peter P. McKeown, MD, Cardiovascular & 
Thoracic Surgery/USF, 4 Columbia Drive, Suite 730, Tampa, 
FL 33606. 362G 


Fellowship in cardiovascular surgery for 1 year available January 
1 or July 1 with group doing approximately 1,000 cardiac proce- 
dures per year and large volume of vascular procedures. ABS 
eligible or certified, California medical license required or readily 
obtainable. Ideal for a person between general surgery residency 
and thoracic surgery residency. 


Please respond with curriculum vitae to Bradley J. Harlan, MD, 
5301 F Street, Suite 312, Sacramento, CA 95819. 364G/L 
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: For fi E information call 
Rafael Espada, Program Director 713-790-4556 








Cardiothoracic 
Fellow 


The Lankenau Hospital and Medical Research 
Center are state-of-the-art medical teaching 
and research facilities nestled in a beautiful, 
yet convenient suburban Philadelphia location. 
This past year we performed over 650 open 
heart surgeries. 








We will have a position available July 1, 1991 
on our staff for a Cardiothoracic Surgical 
Fellow. The ideal candidate should ba board 
eligible or certified in general surgery. Board 
eligible in thoracic surgery highly desired. A 
Pennsylvania license is a must. Clinical Fellows 
are welcome to apply. 


Along with top of the line technology and pro- 
fessional colleagues, the position offer medical 
benefits, no city wage tax deducted and a non- 
smoking environment. For further information, 
please contact Dr. Scott M. Goldman, c/o 
Personnel Department. 
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A Member of the Main Line Health Family of Hospitals. 
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Philadelphia, PA 19151 
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New CME Program 


MPE II 


RECENT FINDINGS IN THE 
CLINICAL MANAGEMENT OF 
MALIGNANT PLEURAL EFFUSIONS 
















A CME Activity from 





The Albany Medical College 


The Albany Medical College is pleased 

to make available a new CME program, 
consisting of a 30-minute videotape with 
associated monograph and self-test, on 

the treatment of malignant pleural effusions. 
Topics covered include: @ A insitaion ot tne arany Mecical Center 








e Current thinking on diagnosis and management, along with thoracoscopic pho- 
tography, chest tube insertion and drainage 


e New clinical findings: Results of a multicenter trial of sclerosing agents, which 
demonstrate significantly greater effectiveness of bleomycin than tetracycline 


Presented by: 


John C. Ruckdeschel, M.D., F.A.C.P. 
Professor of Medicine, Head, Division of Medical Oncology 
The Albany Medical College, Albany, New York 


Darroch W. Moores, M.D., F.A.C.S. 
Assistant Professor of Surgery, Division of Cardiothoracic Surgery 
The Albany Medical College, Albany, New York 


“MPE IIl—Recent Findings in the Clinical Management of Malignant Pleural 
Effusions” is available on a loan or purchase basis and carries 2 hours of Category 1 
credit. For details on how to obtain the program, write to: LP Communications, Inc., 
MPE II Program, London Terrace Post Office, P.O. Box 20554, New York, NY 10011. 


© 1990 LP Communications, Inc. 
New York, NY 10011 





LEFT ATRIAL PRESSURE... SAFE, SIMPLE AND ACCURATE. 





Imagine a left atrial line with no fluid, no air 
bubbles, no clogging, no leveling. 


In fact, no lumen at all. 


At its tip, the Camino fiberoptic transducer— 
so tiny and accurate that it is easily placed, 
directly in the left atrium. 


Add to this the confidence of a high fidelity 
measurement and the convenience of a 
portable monitor with continuous recording. 


Direct LAP monitoring: safe, simple and 
accurate — from Camino Laboratories. 


59355 PACIFIC CENTER BLVD 
SAN DIEGO, CALIFORNIA 92121 
(619) 455-1115 FAX: (619) 455-6298 
TELEX: 5106006213 CAMINO U.S.A 
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EUROPEAN HIGH TECHNOLOGY FOR LIFE 


EVEN BETTER 





ALLCARBON 


Everybody knows that 
SORIN’s monodisc, weldfree 
heart valves have already 
been proved 100% safe. 

To start with, we applied a 
TURBOSTRATIC carbon 
coating to the valve disc. 
Then we coated the sewing 
ring with a thin film of 
turbostratic carbon - 
CARBOFILM™. 

Now, with the ALLCARBON, 
even the valve cage is coated 
with CARBOFILM™. 
Improved haemocompatibility, 
good washing and absence 
of pivots or permanent 
contacts, are all factors 
which lower the risk of 
microthrombogenesis and 
tissue overgrowth. 

These are the main reasons 
why, as leaders in the total 
manufacturing process of 
monodisc valves with more 
than 60,000 successful 
implantations, we have 
succeeded in making our 
valve EVEN BETTER than befor 


SORIN 


BIOMEDICA 


Cardiac Valve 
Disease in Children 


CARDIAC VALVE 
DISEASE 
IN CHILDREN 


Jeffrey M. Dunn 





| Edited by: Jeffrey M. Dunn, MD 

Professor, Department of Surgery, Temple 
University School of Medicine; Director, Pediatric 
Heart Institute, Saint Christopher's Hospital for 
Children, Philadelphia, Pennsylvania 


With 47 contributors 


Cardiac Valve Disease in Children is an 
excellent guide for those specialists who manage 
children with both isolated cardiac valve disease 
and cardiac valve disease appearing in conjunction 
with complex congenital cardiac lesions. Written by 
leading authorities, Cardiac Valve Disease in 
Children covers the etiology, anatomy, pathology, 
diagnosis, and treatment of cardiac valve disease in 
young patients. This book also provides practical 
information on the management of this disease and 
includes details on the surgical techniques of valve 
repair, replacement, and manipulation. 


1987 cloth 370 pages 219 illus. 0-444-01243-5 
$72.25 (Dfi. 200.00 outside North America) 


ORDER COUPON 


Please send me copy(ies) of Cardiac Valve Disease in Children, edited by 
Jeffrey M. Dunn, MD, 0-444-01243-5, $72.25 (Dfl. 200.00 outside North America) 





Enclosed is my: 


Cl personal check E3 bank draft 

Please charge to: 

C] American Express DO VISA ©) MasterCard (issuing bank #_-_ 
Account # isco aae NOTES is cera cys 
Signature sites we oe et aa 








C Please bill me. (Billed customers will be charged the net cost plus postage and 
| handling. NY State residents, add applicable sales tax.) 
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CONTENTS 


Section | The Aortic Valve | 


1. The Morphology of the Aortic Valve with Regard to Congenital 
Malfcemations | 

2. Evaluztion of Aortic Valve Disease 

3. Critical Aortic Stenosis in Infancy 

4. Aortic Valvetomy for Critical Aortic Stenosis in Neonates 

5 

6 


. Aortcventriculoplasty in Small Aortic Annulus 
. Apiccaortic Conduits for Complex Left Ventricular Outflow Obstruction 
in Children 
7. Palliation for Hypoplastic Left-Ventricular Syndrome 
8. Truncal Valve Insufficiency and Persistent Truncus Arteriosus 
9. Aortic Insufficiency Associated with Ventricular Septal Defect 


Section l} The Pulmonary Valve 


10. Pulmenary and Subpulmonary Stenosis: An Anatomical Approach 

11. Evaluation of the Severity of Pulmonary Stenosis and Results of 
Puimenary Valve Balloon Angioplasty in Children 

12. Pulmenary insufficiency After Repair of Tetralogy of Fallot: 
Early Results 

13. Pulmonary Insufficiency After Repair of Tetralogy of Fallot: 
Late Results 

14. The Role of Valves in Pulmonary Conduits 

15. Use of Nonvalved Conduits to Establish Pulmonary Ventricle-to- 
Pulrrenary Artery Continuity 


Section ff! The Mitral Valve 


16. The Morphology of the Mitral Valve with Regard to Congenital 
Malformations 

17. A Consideration of the Morphology and Diagnostic Features of Certain 
Congenital Abnormalities of the Mitral Valve 

18. Mitral Valve Reconstruction in Children 

19. Mitral Valve Replacement in Children: A Twenty-One-Year Experience 

20. Repzir of the Mitral Valve in Atrioventricular Defects 

21. The Tricuspid Valve in Transposition of the Great Arteries 





Section IY The Tricuspid Valve 
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Uncomfortable Issues 
L. Henry Edmunds, Jr, MD 


Division of Cardiothoracic Surgery, Department of Surgery, Hospital of the University of Pennsylvania, Philadelphia, Pennsylvania 


N° many years ago, open heart operations for octo- 
genarians were considered ill-advised if not reck- 
less. However, technical progress and an aging popula- 
tion have changed perceptions; these operations, as 
represented by the report of Deleuze and colleagues [1], are 
now legitimate. Nevertheless, cardiac operations in aged 
and high-risk patients raise uncomfortable issues. Among 
these are risk assessment, patient selection, personal statis- 
tics, the right to an operation, and the obligations and 
responsibilities of surgeons who treat high-risk patients. 

By virtue of age, octogenarians undergo open heart 
operation at “high risk,” which does not need numerical 
definition for this essay. However, the term octogenarians 
describes a heterogeneous cohort of patients that differs 
from other patient groups by the single criterion of 
advanced age. Within the cohort of octogenarians there 
are low-, medium-, and high-risk patients as defined by 
specific descriptors (eg, malnutrition, emergency opera- 
tion, New York Heart Association class IV) that have been 
identified as independent incremental risk factors for oper- 
ative mortality and morbidity [2]. Knowledge of indepen- 
dent incremental risk factors for well-defined populations of 
patients permits estimates of the probability of death or 
serious morbidity for individual patients within that popu- 
lation [3]. Obviously the method does not predict who will 
die or have serious complications—only the odds. 





See also page 226. 





Unfortunately, identification of independent risk fac- 
tors requires a substantial database, which must be objec- 
tively analyzed using modern statistical methods (eg, 
multivariate logistic regression). Our literature generally 
fails to provide the data needed for these calculations. 
This is a serious deficiency that prevents objective assess- 
ments of risk for future patients. The deficiency also 
frustrates objective comparisons of results reported on 
similar patient cohorts from different surgical teams. 
Within even well-defined populations of consecutive pa- 
tients, the number and severity of risk factors can vary 
widely. Chi square, Student’s t, and analysis of variance 
statistics do not identify independent risk factors. More 
powerful statistics applied to larger populations of pa- 
tients are needed. But why bother? 

Almost any ethical standard requires careful and objec- 
tive decision-making before high-risk operations are pre- 
scribed. Ergo the need for objective risk assessment and 
objective estimates of the “odds.” For symptomatic pa- 
tients for whom the benefits of operation are clear, low- 
risk operations are easily prescribed. Because the outcome 
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is usually happy, there is less need for risk assessment; 
the probability of benefit far outweighs the probability of 
permanent morbidity or death. Not so with high-risk 
operations. Higher probabilities of undesirable results 
force consideration of continued medical management [4] 
or alternative therapies [5, 6]. 

In the past, experienced surgeons have reduced mor- 
tality and morbidity of various elective cardiac operations 
by patient selection. In effect, these surgeons subjectively 
assessed risk and more often than not denied operation to 
high-risk patients. Their results reflected their expertise as 
selectors as well as their skills as surgeons. However, if 
their data were analyzed with respect to the presence or 
absence of independent incremental risk factors, their 
selected experience could be compared with unselected 
experiences of others. Personal statistics take on more 
meaning when independent incremental risk factors of 
the operated patients are included in the analysis. 

We are now in an era in which increasing numbers of 
high-risk patients are considered for open heart opera- 
tions. Is it ethical for cardiologists or cardiac surgeons to 
deny high-risk patients operations because of high risk? 
With rare exception, cardiac surgeons survive their oper- 
ations; the patient, not the surgeon, bears the risk. Should 
not the patient together with his or her family, cardiolo- 
gist, and surgeon consider all therapeutic alternatives 
when a decision is needed? Complete review of the data 
usually makes the best course obvious. This process 
permits high-risk patients to have operations that may be 
their only hope for quality living. These patients are often 
the ones who benefit most [7]. 

High risk has always been associated with the frontiers 
of cardiac surgery, but in the past relatively few patients 
and few cardiac surgical centers were involved. Not so 
now. The ubiquity of coronary arterial disease, the profu- 
sion of cardiac surgical centers across the world, the devel- 
opment of alternative interventional therapies, and an aging 
population have encouraged increasing numbers of cardiac 
surgical groups to treat high-risk patients even though 
manpower and hospital-based resources may be limited. 

High-risk operations impose heavy obligations on both 
professionals and hospitals and time demands can be- 
come oppressive. Expeditious and technically expert op- 
eration enhances a smooth postoperative course but does 
not ensure it. After operation, high-risk patients should 
not be short-changed in terms of nursing hours, crisis 
care, expert consultants, life support systems, and other 
professional and material resources that may be needed. 
High morbidity and mortality, as reported by Deleuze and 
others [1, 2], does not excuse less than superintensive care 
and effort. In time, technical advances and concentrated 
efforts by dedicated groups will reduce the morbidity and 
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mortality of open heart operations in octogenarians and 
other high-risk groups. Cosmetic improvements pro- 
duced by patient selection are not part of this process. 

Risk assessment, acquisition of usable databases, pa- 
tient selection, personal statistics, “rights” to operations, 
and obligations to high-risk patients are only a few of the 
contemporary uncomfortable issues raised by open heart 
operations in elderly patients. There are many others. An 
increasingly well-informed public now demands both 
guidance and accountability from our profession. Is it not 
time to openly address and discuss these and other 
“uncomfortable issues”? 
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Oxygenated Cardioplegia: Blood Is a Many 


Splendored Thing 


Gerald D. Buckberg, MD 


Department of Surgery, UCLA School of Medicine, Center for the Health Sciences, Los Angeles, California 


his issue of The Annals contains a report by Coetzee 
and associates [1] that focuses on the role of oxygen 
in myocardial protection strategies by comparing oxygen- 
ated cardioplegic solutions delivered in either a crystalloid 
or a blood vehicle. The absence of a nonoxygenated 
cardioplegic group for comparison is of no concern, as the 
intentional exclusion of oxygen from cardioprotective 
solutions makes little sense physiologically and deprives 
the heart of its principal substrate for energy production 
during cardioplegic infusions. This editorial is written to 
call attention to the importance of experimental models 
and methods in interpreting results and to emphasize that 
blood provides many potential benefits in addition to its 
capacity to enhance oxygen delivery. 

The use of a nonhuman primate and the evaluation of 
post-bypass function in the intact heart without artificial 
control of preload, afterload, and heart rate adds clinical 
relevance to this study. Unfortunately, the cardioplegic 
solutions were dissimilar in more than erythrocyte con- 
tent, so that differences in cardioplegic calcium, magne- 
sium, pH, and other components may have influenced 
results in uncertain ways. More importantly, normal 
hearts arrested for only 90 minutes with multidose car- 
dioplegia would be expected to recover ventricular per- 
formance completely, especially as prior studies of both 
oxygenated crystalloid cardioplegia and blood cardiople- 
gia show this after 4 to 6 hours of aortic clamping [2-4]. 


See also page 230. 


Coetzee and associates use pressure-volume loops to 
assess functional results and report decreased post- 
ischemic recovery with both cardioplegic vehicles, albeit 
slightly less with oxygenated crystalloid cardioplegia. The 
failure to recover completely after a relatively brief ische- 
mic episode suggests a deficiency either in the cardiople- 
gic solutions or their method of delivery or in the method 
of functional analysis. The pressure-volume loop method 
was developed in isolated, denervated hearts and cannot 
be used routinely in clinical practice because it requires 
instantaneous measurement of ventricular dimensions, 
and it has several limitations which have been enumer- 
ated previously [5]. Conversely, stroke work can be mea- 
sured routinely, and their data show that oxygenated 
crystalloid cardioplegia resulted in only 61% recovery of 
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left ventricular stroke work and slight increase in left 
ventricular end-diastolic pressure, whereas blood car- 
dioplegia allowed near complete (82%) return of left 
ventricular stroke work at slightly lower filling pressures. 
These findings suggest that oxygenated crystalloid car- 
dioplegia resulted in mild functional depression, which 
was avoided by use of blood cardioplegia. 

The capacity of any cardioplegic solution to prevent 
ischemic damage and to allow total recovery of a normal 
heart should be a minimum requirement of any cardio- 
protective technique, especially as cardiac operations 
must now be undertaken in increasing numbers of pa- 
tients with preoperative ventricular dysfunction. I believe 
that the normal heart model has very limited value in 
studies of myocardial protection and should be used only 
to test the safety of cardioplegic solutions and their 
methods of delivery, so that subsequent studies can be 
carried out on experimental models sustaining acute or 
chronic ischemic/hypoxic damage to simulate the types of 
hearts requiring cardiac operations. Study of such models 
offers the prospect of revealing metabolic changes that 
allow for the development of more comprehensive strat- 
egies for the expanded use of cardioplegic solutions to 
resuscitate the heart before it must undergo ischemia, as 
well as limit or avoid and reverse ischemic/reperfusion 
damage before and after unclamping [6]. 

The importance of using a damaged heart model is 
emphasized by studies showing that the same multidose 
cold blood cardioplegic solution that allows complete 
recovery after 4 hours of aortic clamping in normal hearts 
[2] has no resuscitative value in energy-depleted hearts 
even though it prevents further damage [7]. Conversely, 
administration of warm substrate-enriched blood car- 
dioplegia during cardioplegic induction and reperfusion 
restores near normal postischemic function to energy- 
depleted hearts subjected to prolonged aortic clamping 
[7]. A recent clinical report by Kirklin [8] emphasizes the 
important adjunctive role of warm blood cardioplegic 
reperfusion in prolonging the safe duration of aortic 
clamping and other studies document the salutory effects 
of warm substrate-enriched blood cardioplegic induction 
and reperfusion in high-risk patients undergoing urgent 
revascularization [9, 10] and suggest these strategies may 
promote early return of contractile function in patients 
with acute evolving infarction after naturally occurring or 
percutaneous transluminal coronary angioplasty-caused 
coronary occlusion [11, 12]. 

Oxygen carriage is only one attribute of blood car- 
dioplegia, and some others are enumerated below. Cold 
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crystalloid cardioplegia certainly may deliver sufficient 
oxygen to meet the very low oxygen requirements of the 
cold arrested heart, but it cannot provide enough oxygen 
to meet the higher metabolic needs for cellular repair 
when warm blood cardioplegic induction and reperfusion 
are given to damaged hearts in which oxygen requirement 
and uptake exceed basal demands markedly [7]. Delivery 
of additional oxvgenated cardioplegic solutions during 
warm induction and reperfusion does not prolong ische- 
mic time because the heart is oxygenated during their 
administration, but it does increase the total cardioplegic 
dose. Consequently, systemic hemodilution may be ac- 
centuated if large volumes of oxygenated crystalloid car- 
dioplegic solutions are added to an extracorporeal circuit 
primed with clear fluid. In contrast, iatrogenic hemodilu- 
tion is minimized with blood cardioplegia, especially with 
a 4:1 blood cardioplegia mixture in which only 600 mL of 
crystalloid solution is used to deliver 3,000 mL of blood 
cardioplegia. The protein content of the blood vehicle 
provides the cardioplegic solution with naturally occur- 
ring onconicity, thus minimizing myocardial edema while 
simultaneously limiting the whole body interstitial water 
gain that may accompany the reduced oncotic pressure 
produced by systemic hemodilution. 

An additional advantage of a blood cardioplegic vehicle 
is ensurance of the buffering capacity of blood proteins, 
especially histadine imidazole groups [13]. Furthermore, 
the rheologic benefits on the microvasculature afforded by 
erythrocytes enhance papillary muscle perfusion com- 
pared with oxygenated crystalloid cardioplegia and re- 
duce coronary vascular resistance and edema formation 
[3]. The erythrocytes of blood cardioplegia also contain 
abundant endogenous oxygen free radical scavengers (ie, 
superoxide dismutase, catalase, and glutathione) [14], 
which may reduce oxygen-mediated injury during reper- 
fusion. Our experimental studies show that the salutary 
effects of controlled blood cardioplegic reperfusion are 
impaired markedly when endogenous red blood cell glu- 
tathione and catalase are blocked pharmacologically [15]. 

The aforementioned benefits of enhanced oxygen car- 
rying capacity, active resuscitation, avoidance of reperfu- 
sion damage, limitation of hemodilution, provision of 
onconicity, buffering, rheologic effects, and endogenous 
oxygen free radical scavengers enumerate only the known 
benefits of using blood as the vehicle for delivering 
oxygenated cardioplegia. I am confident that further stud- 
ies will reveal other naturally occurring blood components 
(ie, enzymes, cofactors, substrates, electrolytes) that are 
important and would otherwise need to be added to any 
artificially constructed solution. 

The versatility of blood cardioplegia provides the car- 
diac surgeon with an extremely powerful tool to actively 
treat the jeopardized myocardium as well as to prevent 
ischemic damage. No exogenous blood is needed to 
deliver blood cardioplegia, as a readily available blood 
source exists within the extracorporeal circuit during all 
cardiac operations when the patient’s blood volume mixes 
with the clear priming fluid. The decision to use this 
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valuable adjunct must be made by the cardiac surgeon, 
who may then select either to fashion a delivery system 
with tubing connected to a simple coil immersed in warm 
or cold fluid or to use one of many systems constructed 
with efficient miniaturized heat exchangers. The expense 
of depriving the patient of the potential benefits of blood 
cardioplegia includes increased perioperative mortality, 
prolonged intensive care unit stays, and development of 
late cardiac fibrosis owing to necrosis caused by less 
adequate protection, and far outweighs the monetary cost 
of its use. 

My appreciation for the fact that “blood is a many 
splendored thing” increases as data about its salutary 
effects accumulate. I cannot help but wonder how future 
generations of cardiac surgeons will view this phase of 
our growth in which we must defend the use of the blood 
environment that normally surrounds the myocyte before 
and after we interrupt coronary flow for surgical conve- 
nience. 
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Paraplegia Associated With Thoracotomy 


William E. Walker, MD, PhD 


Division of Thoracic and Cardiovascular Surgery, University of Texas Medical School, Houston, Texas 


he unexpected appearance of paraplegia after routine 
thoracotomy for conditions unrelated to the spine or 
spinal cord is a surgical disaster of, the highest order. 
Although all sorts of cerebrovascular ‘accidents can occur 
during general anesthesia, and produce a wide variety of 
clinical neurologic syndromes, it remains that paraplegia 
is almost always related to a local condition affecting the 
spinal cord rather than an intracerebral event. Postthora- 
cotomy paraplegia, therefore, of necessity imputes a local 
causation—although spontaneous or iatrogenic interrup- 
tion of the blood supply. to the cord is,a local explanation 
possible i in theory, it seems that a much simpler mecha- 
nism of injury does in fact occur, and every thoracic 
surgeon should be aware of the potential hazard. 

In the past 2 years I have reviewed the records of 3 
patients, with three different surgeons in three different 
hospitals, in whom iatrogenic paraplegia developed after 
a routine thoracotomy, and in each instance the mecha- 
nism seemed the same. All 3 patients were in the fifth or 
sixth decade of life and were in good ‘general health but 
were undergoing operation for localized bronchogenic 
carcinoma. In each instance, there was persistent arterial 
bleeding from the intercostal vessel at the posterior end of 
the incision between the ribs, and normal operative ma- 


See also page 288. 


neuvers failed to stop the bleeding. In each instance, the 
surgeon packed hemostatic gauze into the angle betwéen 
the ribs and left the gauze in place at the end of the 
thoracotomy. 

Two of the patients were paraplegic when they awoke 
from their anesthetic; in the third a progressive neurologic 
deficit developed and terminated in Paraplegia hours 
later. In each instance, the thoracic! surgeon seemed 
reluctant to ascribe the neurologic problem to the recent 
operation, producing rather long delays before neurosur- 
gical exploration. In all 3 patients, the ‘hemostatic gauze 
was found within the spinal canal, and in fact in two 
instances the dura had been disrupted and the gauze was 
found intradurally. There was no clinically significant 
recovery of neurologic function in any of the patients, 
with a variety of the usual complications of paraplegia 
including important medicolegal sequelae. 

Although we have been unable to identify prior case 
reports in a computer-directed literature survey, three 
examples in less than 2 years in a relatively small geo- 
8 i 
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graphic area suggest that the problem is common enough 
to warrant real consideration. 

I suspect that most thoracic surgeons are conscious of ` 
the proximity of the spinal cord to the posterior end of 
intercostal incisions, in particular with respect to the use 
of the electrocautery. That this proximity is composed of 
millimeters rather than inches may not be well recog- 
nized, however. It is important also to realize that there is 
not a strong musculoosseous barrier protecting the spinal 
cord but in fact an intervertebral foramen that will admit 
not only the tip of the electrocautery but also a moderate- 
sized mass of hemostatic gauze propelled by tissue for- 
ceps. 

Hemostatic gauze per se is not to be condemned be- 
cause of this experience—it can be very useful in many 
situations in the chest, particularly after cardiac opera- 
tions—bu: as it swells considerably when left in situ, it 
cannot be left in confined spaces such’as the spinal canal 
lest it produce compression of the normal structures. 

Another important observation from these 3 unfortu- 
nate patients was the low levels of diagnostic acumen and 
inductive reasoning exhibited by-those involved. Failure 
to remember that paraplegia has a local cause and, even 
more importantly, a reluctance to accept that there was a 
neurologic problem, that the operative procedure could 
have produced it, and that a response was required 
contributed substantially to the delays in involving the 
neurosurgeons. Experimental evidence and clinical obser- 
vation suggest that the neurologic damage of cord com- 
pression is time-dependent and therefore requires as 
rapid relief as possible to optimize the potential for 
recovery. 

In addition to avoiding this particular iatrogenic disas- 
ter, it is incumbent on all of us to remember that unex- 
pected complications do occur. They must be met with a 
forthright, open-minded, rational approach and with an 


_ ability to accept that we may have erred, unlikely though 


this latter may seem to each of us in the heat of the 
moment. 


Editor’s Note 


Doctor Walker’s important article was received by The 
Annals some time ago. Because the experiences he re- 
counts were derived from a review of medical records, The 
Annals felt it would be helpful to have further details. We 
solicited a first-hand account of these cases, and Dr H. 
David Short was willing to act as spokesman for the 
surgeons involved. His contribution appears on page 288. 
Finally, we asked ‘Associate Editor Dr John R. Benfield to 
comment about this rare but devastating complication ofa 
universally performed operative procedure. 
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Long-Term Results of Total Repair of Tetralogy of 


Fallot in Childhood 


Peter J. Horneffer, MD, Kenneth G. Zahka, MD, Stuart A. Rowe, MD, 
Teri A. Manolio, MD, Vincent L. Gott, MD, Bruce A. Reitz, MD, and 


Timothy J. Gardner, MD 


Divisions of Cardiac Surgery, Pediatric Cardiology, and Internal Medicine, The Johns Hopkins School of Medicine, 


Baltimore, Maryland 


Between 1958 and 1977, 170 children aged 10 years or less 
underwent total repair of tetralogy of Fallot at The Johns 
Hopkins Hospital. Follow-up data were obtained on 128 
(90%) of the 143 who survived the operation at 10 to 28 
years postoperatively (mean follow-up, 18 years). All 
patients completed an extensive questionnaire, and 59 
returned for a thorough evaluation consisting of a history 
and physical examination, electrocardiogram, 24-hour 
Holter monitoring, exercise stress testing, pulmonary 
function testing, and two-dimensional and Doppler 
echocardiography. Late survival was excellent with only 
two of four known late deaths due to cardiac-related 
causes and with all 59 patients in New York Heart 
Association class I or II. None had cyanosis or clubbing. 
Normal sinus rhythm was present in 90%. One patient 
had complete heart block, and 75% had right bundle- 


E 1954, C. Walton Lillehei and his team successfully 
performed the first complete repair of tetralogy of 
Fallot [1]. Other surgical teams followed suit soon there- 
after, and an excellent opportunity now exists for long- 
term evaluation of the complete repair of this complex 
congenital heart defect. Several reviews [2-7] have dem- 
onstrated the overall excellent operative results, even in 
patients operated on early in this surgical experience. 
These studies, however, included many patients who 
underwent repair as adults after the effects of long- 
standing right ventricular hypertension and hypoxia 
could have caused irreversible changes. 

The present study was designed to prospectively exam- 
ine the long-term functional results of total correction 
performed specifically in childhood, as this is the cur- 
rently accepted practice. The study includes only children 
who underwent repair by the age of 10 years and for 
whom a follow-up of at least 10 years could be obtained so 
that it would truly be a long-term follow-up of total repair 
performed in childhood before maturation had taken 
place. 
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branch block on the electrocardiogram. Right ventricular 
function was normal by echocardiography in 78%. Re- 
sidual mild to moderate pulmonary stenosis was noted 
by Doppler study in 8 patients. Pulmonary regurgitation 
was present in 78%, but in only 11 patients was it graded 
as moderate and in none was it severe. Stress testing 
documented the excellent functional status of most pa- 
tients, with 92% of predicted exercise time and 94% of 
maximum heart rate being attained. In the few who had 
impaired cardiac performance, this correlated best with 
moderate pulmonary regurgitation. Although the overall 
late functional status of patients undergoing repair in the 
first decade of life was very good, these patients need 
continued follow-up to assess the severity of pulmonary 
regurgitation and the need of possible intervention. 
(Ann Thorac Surg 1990;50:179-85) 


Material and Methods 


Between 1958 and 1977, 170 patients aged 10 years or less 
underwent total repair of tetralogy of Fallot at The Johns 
Hopkins Hospital. Tetralogy of Fallot was diagnosed 
when patients had (1) right ventricular pressure of at least 
85% of left ventricular pressure, (2) pulmonary artery 
pressure of less than or equal to 25 mm Hg, and (3) 
aortic/femoral artery saturation of less than or equal to 
93% or dye-dilution curves confirming right-to-left shunt- 
ing at the level of the ventricular septum. 

There were 27 perioperative deaths; thus, 143 patients 
were available for follow-up. There were only four known 
late deaths, two of which were of cardiac-related causes 
(one from progressive heart failure and one from subacute 
bacterial endocarditis at 8 and 12 years postoperatively, 
respectively). Eight patients are known to be alive but 
further information could not be obtained, and 15 other 
patients, most of whom were thought to be living outside 
the United States, could not be contacted at all. Thus, of 
the 124 known survivors, 116 were contacted (Fig 1). Each 
completed the study questionnaire. 

The patients in the study were evaluated 10 years to 28 
years 5 months postoperatively (mean follow-up, 17.8 + 
4.9 years). Surgical correction was performed at a mean 
age of 7.5 + 2.4 years (range, 1.5 to 10 years). Age at 
follow-up ranged from 12 to 37 years (mean age, 25 + 6.3 
years). 
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170 Total repairs 


143 27 perioperative deaths 
128 15 lost to follow-up 
124 4 known deaths 


8 alive but no data obtainable 


116 Available for follow-up 


Fig 1. Availability of and outcomes for the 170 patients who under- 
went total repair of tetralogy of Fallot at Johns Hopkins between 1958 
and 1977. 


Of this total group of 116 patients, 59 agreed to return to 
Johns Hopkins for examination and noninvasive testing. 
Because of the extensive nature of the testing, the size of 
this follow-up group had to be limited to the first 60 
responders, 59 of whom ultimately returned and com- 
pleted the evaluation. This evaluation consisted of a 
complete physical examination, an electrocardiogram, 24- 
hour Holter monitoring, exercise stress testing, pulmo- 
nary function testing, and two-dimensional and Doppler 
echocardiography. In addition, for many of these pa- 
tients, preoperative and postoperative catheterization re- 
sults were available. 

Data were collected according to a strict protocol over a 
6-month period. Doppler and two-dimensional echocar- 
diography were performed using a Hewlett-Packard 
model 77020A instrument (Andover, MA) by a single 
technologist under the supervision of one of us (K.Z.) [8]. 
Exercise stress testing was performed according to the 
Bruce protocol with respiratory gas exchange measure- 
ments and was also directly supervised by one of us 
(S.R.). Twenty-four-hour ambulatory electrocardiograph- 
ic monitoring was performed using a Delmar 445 reel-to- 


reel recorder (Irvine, CA) and scanned on a Delmar model 


750 innovator scanner. 


Operative Technique 

All patients underwent repair through a vertical right 
ventriculotomy with closure of the ventricular septal 
defect and placement of a right ventricular outflow tract 
patch of Teflon, Ivalon, Dacron, or pericardium as previ- 
ously described [9]. Forty patients had had previous 
palliative shunts, the right Blalock-Taussig shunt being 
the most common (Table 1). The mean length of time the 
shunt was in place before takedown at total correction 
was 6.0 + 2.0 years. Five patients required subsequent 
closure of a residual ventricular septal defect. One patient 
required subsequent replacement of the tricuspid valve 
and implantation of a permanent artificial pacemaker. A 
review of the operative reports for the 59 patients return- 
ing for in-depth examination revealed that 39 of these 
patients had had primary closure of the right ventricular 
outflow tract, 10 had undergone transannular patching, 
and the rest had had isolated pulmonary artery or sub- 
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valvar patching only. All patients had undergone in- 
fundibulaz myotomy-myectomy. 

The 59 vatients who returned for this detailed evalua- 
tion make up the core of this study, but they were similar 
to the total group of 116 in terms of sex distribution, 
presence of a previous shunt, general health status, dates 
of operation, and age range. There were no differences in 
mean interval from time of correction to time of follow-up 
or in mean age at follow-up. The only significant differ- 
ence between these two groups was that the patients who 
returned for further evaluation had had repair at a slightly 
older age, the mean age of this group being 8.1 + 2.2 
years at the time of total correction versus 6.9 + 2.6 years 
(p < 0.02) for the total group. Therefore, the 59 patients 
are thought to be representative of the entire group of 
patients available for follow-up. 


Statistical Analysis 


Statistical analyses were performed using the x° test and 
the Wilcoxon rank sum test (for nonparametric variables). 
A paired t test was used for continuous variables. The 
results are presented as the mean + the standard devia- 
tion. All statistical analyses were performed using the 
SAS program [10]. Informed consent as approved by this 
institution’s Joint Committee for Clinical Investigation 
was obtained from each of the patients who returned for 
noninvasive testing or their legal guardians. 


Results 


Questionnaire Data 

One hundred two (88%) of the 116 patients were in good 
to excellent health at follow-up. Eighty-three percent of 
the patients required no medicines at all, and only 2 
patients were on a regimen of digoxin or diuretics. None 
required antiarrhythmic medications, and only 2 (1.7%) 
had had a stroke. Two patients were on a regimen of 
anticoagulants. 

Ninety-eight of the 116 patients or 84% were employed 
full time or were in school (Table 2). Forty had had a 
high-school education, 38 had completed or were in 
college, and 7 had received graduate degrees. Nineteen of 
the 56 female respondents had had a total of 28 children, 
and 12 of the 60 male respondents had had at least 1 child. 
Three of the patients had become nurses and 1, a phle- 


Table 1. Type of Shunt and Duration of Placement 
Preoperatively 





No. of Duration? 
Shunt Patients (yr) 
Right B-T 25 5.9 + 1.7 
Left B-T 8 5.6 + 2.7 
Waterston 2 3.1 + 0.8 
Potts 3 7.9 = 1.0 
Other 2 9.2 + 0.9 


2 Data are shown as the mean + the standard deviation. 


B-T = Blalock-Taussig anastomosis. 
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Table 2. Results From Questionnaires Sent to 116 Patients 








No. of 

Variable Patients* 
Health, good to excellent 102 (88) 
No medications necessary 96 (83) 
Full-time employment or in school 98 (84) 
Education level 

High school 40 

College 38 

Graduate school 7 
No. of female patients with 19/56 (34) 

children 





a Numbers in parentheses are percentages. 


botomist. Seventeen (15%) had required rehospitalization 
at some point other than for routine postoperative cathe- 
terization, and 10 (9%) had required more than two 
rehospitalizations. 


Follow-up Examination 


Of the 59 patients who returned for follow-up examina- 
tion, 55 were found to be in New York Heart Association 
class I and 4 in class II. Three were noted to have 
occasional episodes of syncope, and 13 related a history of 
irregular heart beat. There had been no documented 
episodes of myocardial infarction. 

On physical examination, the patients had normal 
blood pressures with a mean value for the group of 116/88 
+ 14/12 mm Hg. None had cyanosis or clubbing. None 
had overt signs of congestive heart failure. 


Catheterization Data 


Of the 59 patients who returned for examination, preoper- 
ative catheterization data were available on 37 and cathe- 
terization data obtained after total correction, on 43. Right 
ventricular systolic pressures fell from a mean of 95 + 17.9 
mm Hg preoperatively to 35.5 + 12.8 mm Hg after 
correction (p < 0.0001). Diastolic right ventricular pres- 
sures also dropped significantly from 5.9 + 3.1 mm Hg to 
4.95 + 3.0 mm Hg (p < 0.01). Although systemic oxygen 
saturation also appeared to rise from a mean of 78.7% + 
17.1% to 96.0% + 1.7%, this did not reach significance (p 
= 0.15), a finding most likely due to the small number of 
patients and large range of values before correction. At 
catheterization after repair, pulmonary regurgitation was 
absent in 24 (60%) and was rated as mild in 8 (20%), 
moderate in 7 (17.5%), and severe in 1 (2.5%). Tricuspid 
regurgitation was absent in 37 (92.5%) and was rated as 
mild in 2 (5%) and severe in 1 (2.5%). There was evidence 
of a residual ventricular septal defect in 7 patients (16.2%). 


Electrocardiography and Holter Study 


On the follow-up electrocardiogram, 53 patients (90%) 
were in normal sinus rhythm, 4 had first-degree atrioven- 
tricular block, and only 1 was in complete heart block. 
Forty-four (75%) demonstrated complete right bundle- 
branch block, and 7 additional patients had incomplete 
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right bundle-branch block. Only 1 patient had completely 
normal conduction, and the remaining 7 patients had 
various other forms of intraventricular conduction delays. 

Twenty-four-hour Holter studies demonstrated a mean 
heart rate of 78.6 + 10 beats/min. Fourteen patients (24%) 
demonstrated multiple forms of premature ventricular 
contractions, and 2 had brief runs of ventricular tachycar- 
dia. Five had episodes of transient second-degree heart 
block. All but 12 patients had some premature ventricular 
contractions with a mean frequency of 23 + 58 per 24 
hours. Twenty-nine had ventricular bigeminy or couplets. 
Atrial ectopy was less frequent with only one run of 
supraventricular tachycardia being recorded and a mean 
of 6 + 17 premature atrial contractions per 24 hours in 28 
patients. 


Stress Test and Pulmonary Function Testing 


Stress test data were collected on 55 patients who were 
able to exercise a mean of 10.8 + 2.3 minutes, which was 
92% of predicted, and achieve a maximal heart rate of 182 
+ 14 beats/min, which was 94% of predicted. No exercise 
stress tests were stopped because of arrhythmias, al- 
though 23 patients had premature ventricular contrac- 
tions on exercise, including 5 patients with multifocal 
contractions and 4 with ventricular couplets or triplets. 
Pulmonary function testing revealed a normal mean 
forced expiratory volume in 1 second of 2.9 + 0.8 L but a 
mean forced vital capacity of 3.5 + 1.1 L, which was only 
82% of predicted. 


Two-Dimensional and Doppler Echocardiography 


Right ventricular function was rated as normal in 46 
patients (78%), mildly depressed in 12 (20%), and moder- 
ately depressed in 1 patient (2%). Thirty-seven patier-ts, 
or 63%, demonstrated abnormal septal motion. There was 
some Doppler evidence of residual ventricular septal 
defect in 8 patients. Some pulmonary regurgitation was 
present in 46 (78%), but in only 11 was it graded as 
moderate and in none as severe. A right ventricular 
outflow tract gradient of greater than 15 mm Hg was 
found in 9 patients (15%) with ranges of 16 to 56 mm Hg. 
Thirty-seven patients, or 63%, had some evidence of 
tricuspid regurgitation, but the regurgitation was rated as 
moderate in only 5 (8.4%) (Table 3). No major mitral 
regurgitation was found, and only 1 patient had moderate 
aortic insufficiency. Two patients had pulmonary valve 
calcifications, 1 had mild subvalvar pulmonary stenosis, 
and 3 had mild to moderate supravalvar pulmonary 
stenosis. The right ventricular diastolic area was 21.8 + 
6.3 cm’, and the right ventricular systolic area was 15.1 + 
4.4 cm’. 


Correlations 


Patients with moderate to severe pulmonary regurgitation 
had a significantly increased right ventricular diastolic 
area (p = 0.008), which in turn was associated with a 
decreased exercise duration (p = 0.02), a decreased forced 
vital capacity (p = 0.03), and the occurrence of premature 
ventricular contractions during exercise (p = 0.004) and on 
recovery (p = 0.0001). Moderate pulmonary regurgita-ion 
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Table 3. Results of Doppler Echocardiography in 59 Patients 








No. of 

Finding Patients* 
Residual VSD 8 (14) 
Pulmonary regurgitation 

Mild 35 (59) 

Moderate 11 (19) 
Pulmonary gradient 9 (15) 

>15 mm Hg (range, 

16-56 mm Hg) 

Tricuspid regurgitation 

Mild 32 (54) 

Moderate 5 (8) 


* Numbers in parentheses are percentages. 
VSD = ventricular septal defect. 


was directly associated with a decreased exercise duration 
(p = 0.04), the occurrence of premature ventricular con- 
tractions after stress testing (p = 0.02), a higher New York 
Heart Association class (p = 0.03), the occurrence of 
ventricular couplets or bigeminy (p = 0.01), and the need 
for medications (p = 0.001). Moderate pulmonary regur- 
gitation was also associated with transannular patching (p 
= 0.06). 

Despite right ventricular outflow tract patching, the 
mean outflow gradient was significantly higher for those 
patients who had patching versus those who did not (13.3 
+ 13.8 mm Hg versus 7.5 + 5.3 mm Hg; p = 0.03). 
Increased right ventricular outflow tract gradient did not 
correlate with right ventricular diastolic area or the occur- 
rence of ventricular ectopy or decreased ventricular per- 
formance. Age at time of repair was not significantly 
associated with exercise performance or the occurrence of 
ventricular ectopy. Patients who were older at the time of 
repair were found to be more likely to require transannu- 
lar patching (p = 0.06) and were more likely to have 
required a palliative shunt before total repair (p = 0.02). 


Comment 


When Alfred Blalock [11] reported the first surgical ther- 
apy for tetralogy of Fallot in 1945, he provided hope for 
many children whose condition had previously been 
considered untreatable. The Johns Hopkins Hospital be- 
came an international referral center for the treatment of 
patients with tetralogy of Fallot, and an extensive early 
experience with the management of this anomaly using 
systemic-pulmonary artery shunting was acquired. The 
pioneering efforts of Lillehei in direct repair of tetralogy of 
Fallot defects in 1954 were soon followed by “total correc- 
tions” at other centers, including Hopkins. The patient 
group described in the present study is, in fact, only a 
small proportion of the more than 500 patients having 
total repair of tetralogy of Fallot done at Johns Hopkins 
during this period. 

Most of the total repairs undertaken in the early years of 
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this study were performed in children more than 10 years 
old [12]. The present study group of younger patients is, 
therefore, a select one. It likely includes both those 
children who were considered anatomically excellent can- 
didates for total repair as well as those who were not 
adequately palliated with a shunt. Notwithstanding such 
inclusion biases, this study demonstrates the overall ex- 
cellent late status of this group of patients. By limiting this 
late follow-up review to children who had undergone 
total repair by the age of 10 years, it was hoped that data 
would be generated that could be extrapolated to some 
extent to the current practice of early definitive repair of 
tetralogy of Fallot in children. 

Although the present study does provide some of the 
longest follow-up information on children who have had 
total repair of tetralogy of Fallot, the mean age of these 
patients at the time of this follow-up was only 25 years. 
Clearly, these data, though encouraging, may not provide 
reliable projections of late survival or life-span expecta- 
tions. Most patients included in the present review have 
achieved z good functional status, attaining normal edu- 
cational and vocational goals. Eighty-five percent of the 
patients have required no further hospitalizations other 
than for follow-up catheterizations, which were routinely 
performed in the early years of the study. The data from 
this study, however, do demonstrate an association be- 
tween moderate pulmonary regurgitation and increased 
right ventricular size, the development of arrhythmias 
during exercise, and decreased exercise capacity, suggest- 
ing that further operation may be necessary to correct 
residual pulmonary regurgitation in some of these pa- 
tients. 

It is difficult to determine the time course of the devel- 
opment of right ventricular abnormalities, as such 
changes are similar or related to problems already present 
in patients with tetralogy of Fallot at the time of the initial 
operation [13]. It has been suggested that total repair 
should be undertaken early in childhood to avoid irrevers- 
ible right ventricular damage [14-16]. Although the asso- 
ciation of pulmonary regurgitation and right ventricular 
dysfunction is clearly established in this study, it is not 
known whether both conditions have coexisted in these 
children or whether there has been a progressive cause 
and effect relationship. A previous study [12] from this 
hospital, which reported catheterization. data obtained at 
an average of 9 years after repair, suggested that major 
pulmonary regurgitation was well tolerated, at least up to 
that postoperative interval. Although that study used 
only catheterization data and included patients having 
repair at all ages, one can infer that though pulmonary 
regurgitation was not associated with altered functional 


` status at that 9-year follow-up, this association has clearly 


been established in the present study at 18 years’ follow- 
up, thereby suggesting a progressive detrimental effect of 
pulmonary regurgitation. 

Previous studies [17-21] have correlated residual right 
ventricular outflow tract obstruction with arrhythmias 
and late death after complete repair of tetralogy. The lack 
of such an association in the present study group may 
reflect a surgical bias at this institution to attempt com- 
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plete relief of outflow tract obstruction and to err on the 
side of pulmonary insufficiency. This bias is reflected by 
the fact that 78% of the patients in this follow-up study 
had evidence of pulmonary regurgitation, and only 15% 
demonstrated major residual outflow tract gradients. 

The noninvasive analysis of cardiac function provided 
by exercise stress testing and echocardiography as per- 
formed in this late follow-up study may provide an 
excellent means by which to continue late surveillance of 
these patients. A satisfactory functional status at the 
current follow-up has allowed most of these patients to 
follow nearly normal life-styles, but residual cardiac de- 
fects such as pulmonary regurgitation, even though gen- 
erally well tolerated, may limit long-term functional sta- 
bility. Therefore, the results of this study suggest that 
regular late follow-up evaluation should be continued 
indefinitely in patients who have had complete repair of 
tetralogy of Fallot defects. 











We gratefully acknowledge the assistance of Mary Rykiel and 
any Heasley. 
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I have a couple of observations and two questions for Dr 
Horneffer. First, we should recognize that this is a select group of 
patients and that most of the data are derived from 59 of 170 
patients, 27 of the total having died in the perioperative period. 
Horneffer and associates think that the 59 patients are repre- 
sentative of their 124 known surviving patients. Although this 
may be true, I am not sure that we can reach that conclusion. If 
it is valid, we can take some comfort in the fact that, in general, 
these patients have done well over the long term. 

The two most worrisome findings are the significant incidence 
of pulmonary regurgitation associated with right ventricular 
mechanical problems, which may be the harbinger of future 
operations, and the number of patients with arrhythmias, par- 
ticularly those ventricular in origin. On Holter monitoring, all but 
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12 patients had premature ventricular contractions. Twenty-four 
percent had multiform premature ventricular contractions and 29 
of 59 had bigeminy or couplets. It is likely that this will be of 
greater importance in the next decade. 

The first question I have is related to the data derived from the 
questionnaire and their correlation with the data from the 59 
studied patients. How many of the patients found to have 

‘ pulmonary regurgitation and depressed ventricular mechanics or 
ventricular arrhythmias were in the group of patients reporting 
their health as good or excellent and requiring no medication? 

‘My point is that many patients surviving a corrective operation 
for congenital defects could have the impression that their 
prognosis is better than it actually is. I think we will continue to 
see arrhythmias complicating the long-term course of patients 
who had an intracardiac operation. This should encourage us to 
strive to develop simple, precise techniques in the repair of these 
defects and to produce the least myocardial damage possible. 
This brings up the second question. 

As these patients were repaired over a 19-year period, the 
method of myocardial protection ranged from coronary artery 
perfusion without aortic cross-clamping through intermittent 
cross-clamping, hypothermic ischemic arrest, and potassium 
cardioplegia. Dr Horneffer, did you find any correlation between 
the type of myocardial protection and the incidence of ventricular 
arrhythmias? 


DR ADNAN COBANOGLU (Portland, OR): When my col- 
leagues and I recently reviewed our experience with tetralogy of 
Fallot, particularly late results, at the Oregon Health Science 
University, there were 268 patients. I was happy to see that a 
similar number of patients to that in the present study had had 
operative intervention before 1978. 

It is of note that 90 of our patients were less than 1 year of age 
at the time of primary correction. So this series represents both 
patients operated on at an early age and truly late-term results. 
The actuarial survival of these patients in the long run was 
excellent. At 15 and 20 years of follow-up, 85% of these patients 
were alive. Though Horneffer and associates did not show an 
actuarial survival curve, they indicated similarly good survival. 

As far as indicators of long-term survival in these patients are 
concerned, we looked at year of operation, age, ventriculotomy, 
transannular patch, weight at the time of operation, intraopera- 
tive use of inotropic agents, and tetralogy spells before operation, 
and found that none of these had an effect on long-term survival. 
Long-term exercise tolerance has been excellent. Eighty percent 
of the patients have good to excellent exercise tolerance, but 
some have not fared as well. To our surprise, a transannular 
patch, which would mean pulmonary regurgitation, did not have 
an effect on long-term exercise tolerance, whereas a ventriculot- 
omy did. 

I congratulate Horneffer and associates, and agree that it is 
very important to continue a detailed analysis of right ventricular 
performance in tetralogy patients 10, 15, and 20 years after total 
correction. 
`- I have a few questions. What was the reoperation rate in this 
series? I may have missed this information during presentation. 

Were there any patients who needed pulmonary valve implan- 
tation during late follow-up? And based on this detailed analysis, 
would you have recommendations as to when to go back in to 
implant a pulmonary valve? 


DR C. WALTON LILLEHEI (St. Paul, MN): Thirty-five years ago 
the reports of complete correction of tetralogy of Fallot were 
greeted with initial astonishment because tetralogy is such a 
complex malformation. That was soon followed by skepticism 
about the long-term outlook. Thus, it is particularly gratifying 
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today to hear this excellent report on late results from such an 
important center as Hopkins. From our experience, I can add 
some important data about the 29- to 35-year follow-up results. 

From the years 1954 through 1960, 106 patients were dis- 
charged frem the University of Minnesota Hospital after total 
correction. Our follow-up is 99% complete (105 patients). At the 
time of opezation, 11 patients were less than 2 years old (young- 
est, 4 months), 14 were older than 15 years (oldest, 45 years), 18 
were 2 to 5 years old, and 63 were 6 to 15 years of age. Eighty-four 
of these patients are alive and well (actuarial 30-year survival is 
77%). A remarkable 32% have completed college, and 10 have 
completed graduate school (5 with a Masters dégree, 2 MDs, 2 
PhDs, and 1 lawyer). Other information has been published (Ann 
Surg 1986;204:490). Both the youngest patient (4 months) and the 
oldest patient (45 years) at the time of operation are long-term 
survivors, and exemplify very well the excellent prognosis that 
these patients have experienced. The oldest patient was very 
cyanotic (hemoglobin, 250 g/L [25 g/dL}) preoperatively. Seven 
months after operation, she returned for study. She had a normal 
oxygen saturation, no shunts, and a pulmonary outflow gradient 
of 16 mm Hg. Thirty-three years after operation, she works 3 
days per week repairing jewelry, and at 79 years of age, remains 
in remarkably good health. 

The youngest patient graduated from medical school, com- 
pleted graduate training, and now, 33 years after correction, is a 
busy general surgeon without health problems. 

I am sure the first patient on whom we attempted intracardiac 
correction (August 31, 1954) is of interest to this group. He had 
been referred to us for a Blalock shunt. This first attempt was a 
complete success. It is now 35 years since his operation, and he 
is completely healthy and takes no medications. He is a profes- 
sional musician and has his own band, which in 1987 was voted 
“The No. One Rock and Roll Dance Band in Minnesota.” 

I conclude with a question that has troubled us in our late 
follow-up studies. Five of our patients with tetralogy died sud- 
denly and unexpectedly between 10 and 20 years after operation. 
None of the 5 was known to be having arrhythmias. For 3, the 
postoperative information was very complete: all had normal 
postoperative right heart catheterizations, and postmortem ex- 
amination showed no objective cause of death. We remain 
perplexed as to how to detect these patients and prevent such 
sudden deaths. Do you have any ideas? 


DR HORNEFFER: In addressing Dr Bender's first question, our 
facilities limited us to doing an in-depth evaluation on only about 
half, or 59, of the 116 patients to whom we sent questionnaires. 
These 59, however, were unselected at the time and were invited 
to come back before we had any results about their present health 
status. In comparing the variables we could, we determined the 
two populations were similar. However, as you point out, we do 
not have the same data set to be absolutely sure that they are 
comparable. , 

In terms cf how many patients with moderate pulmonary 
regurgitation rated their general health status as good, several 
patients with clinically significant pulmonary regurgitation and 1 
of the patients with a high residual right ventricular outflow tract 
gradient rated their health status as good. Those patients with 
pulmonary regurgitation, however, clearly performed less well 
on the stress test, and I think this is the determining test in 
evaluating present functional status. 

There were insufficient data in this report to correlate myocar- 
dial protection with the occurrence of late arrhythmias. 

Dr Cobanoglu, in terms of the reoperation rate, we mentioned 
that 5 patients required closure of a residual ventricular septal 
defect and 1 required insertion of a tricuspid valve. None 
underwent pulmonary valve implantation. 
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As to when to insert a pulmonary valve in patients with 
pulmonary regurgitation, this question has yet to be answered. 
On the whole, the present functional status of these patients was 
quite good, and we thought that on clinical grounds, none 
required a valve at this point. This is one of the reasons we 
recommend close continued follow-up, because even though this 
is a relatively late follow-up, the mean age of the patients 
returning was only 25 years. Over the years, the pulmonary 
regurgitation could turn out to be a very stable lesion or could get 
substantially worse. I do not think these data allow us to predict 
that at this point. 
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Dr Lillehei, similarly, the question of arrhythmias in tetralogy 
of Fallot is one that I believe we do not have the data to answer 
yet. There have been many studies that have reported instances 
of sudden death when arrhythmias are present in the face of high 
residual right ventricular outflow tract obstruction. Very few of 
our patients in this study had major residual gradients, which 
probably reflects a surgical bias to relieve outflow tract obstruc- 
tion and err on the side of pulmonary regurgitation. Whether the 
occurrence of these arrhythmias needs to be treated as aggres- 
sively in patients who do not have high right ventricular pres- 
sures remains unanswered. 


Notice From the Southern Thoracic Surgical Association 


The Thirty-seventh Annual Meeting of the Southern Tho- 
racic Surgical Association will be held at the Hyatt Re- 
gency Cerromar Beach, Puerto Rico, November 8-10, 
1990. There will be a $155 registration fee for nonmember 
physicians except for guest speakers, authors and co- 
authors on the program, and residents. There will be a $50 
registration fee for attendees of the Postgraduate Course, 
which will be held the morning of Thursday, November 8, 
1990. The Postgraduate Course will provide in-depth 
coverage of thoracic surgical topics selected primarily as a 
means to enhance and broaden the knowledge of practic- 
ing thoracic and cardiac surgeons. 


Advance registration forms, hotel reservation cards, 
and details regarding transportation arrangements will be 
mailed to Association members. Nonmembers should 
write to the Secretary-Treasurer, Gordon F. Murray, MD. 


Gordon F. Murray, MD 
Secretary-Treasurer 

Southern Thoracic Surgical Association 
111 East Wacker Drive 

Chicago, IL 60601 
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The indications, technique, and results of thoracoscopic 
talc poudrage in the two clinical settings of pneumotho- 
rax and recurrent pleural effusion in chronically ill pa- 
tients are reported. Forty patients underwent this treat- 
ment between May 1982 and September 1989. The 
patients ranged in age from 10 months to 78 years. Of the 
20 patients who underwent treatment of pneumothorax, 
9 had cystic fibrosis, 7 had severe chronic obstructive 
pulmonary disease, 2 had spontaneous pneumothoraces, 
and 2 had postoperative parenchymal bronchopleural 
fistulas. Nineteen patients (95%) had successful treat- 
ment. Of the 20 patients who underwent treatment of 


ecurrent pneumothoraces in patients with severe un- 
derlying pulmonary parenchymali disorders and re- 
current pleural effusions of a noncardiac-related nature in 
patients with severe underlying diseases are clinical dis- 
orders in which there is a premium on avoiding major 
surgical intervention and at the same time avoiding recur- 
rent similar problems. Thoracoscopy was first described 
by Jacobaeus in 1910 as a way of gaining access to the 
thoracic cavity to do limited diagnostic and therapeutic 
procedures without a thoracotomy [1]. This procedure fell 
into disuse with the effective treatment of most forms of 
tuberculosis by drug therapy. Within the last 20 years, 
however, its use has been revived in North America to 
remove intrapleural foreign bodies [1], diagnose the cause 
of pleural effusions [1], treat malignant pleural effusions 
(2, 3], and treat recurrent pneumothoraces [4]. Talc itself 
has long been known to stimulate an adhesive, oblitera- 
tive pleuritis [5]. 

This report describes our review of the use of thoracos- 
copy and talc poudrage in the clinical states of both 
recurrent pneumothorax and recurrent pleural effusion to 
assess patient selection, procedural and anesthesia tech- 
nique, treatment effectiveness, and complications. 


Material and Methods 


Forty patients underwent thoracoscopy and talc poudrage 
at the University of Virginia Health Sciences Center be- 
tween May 1982 and September 1989. (Table 1). They 
ranged in age from 10 months to 78 years. In the group 
with pneumothorax (n = 20), 9 had cystic fibrosis (5 were 
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chronic effusions, 14 had malignant etiologies, 3 had 
chylothorazes, and 3 had other miscellaneous effusions. 
Eighteen patients (90%) in this group had successful 
treatment. There were two hospital deaths related to the 
underlying disease processes after the pleural space 
problems were successfully treated. This study suggests 
that proper selection of patients and full exploitation of 
the capabilities of thoracoscopy and talc poudrage will 
result in effective treatment with low morbidity and 
mortality. 


(Ann Thorac Surg 1990;50:186-9) 


previously reported from this institution [6]), 7 had 
chronic obstructive pulmonary disease, 2 had spontane- 
ous pneumothorax, and 2 underwent the procedure for 
persistent postoperative air leak with pneumothorax. In 
the group with chronic recurring pleural effusions (n = 
20), 14 had malignant pleural effusions, nine of which 
were secondary to lung cancer, two secondary to breast 
cancer, and one each secondary to lymphoma, ovarian 
cancer, and cervical cancer. Three had pleural effusions 
that were ckylous in nature, and 3 had pleural effusions in 
a miscellaneous category, which included Waldenstrém’s 
macroglobulinemia (a plasma cell dyscrasia resembling 
lymphoma). yellow nail syndrome, and a nonmalignant 
effusion after radiation therapy for lymphoma. 

Thirty-eight of the 40 patients underwent the procedure 
under genezal anesthesia. A double-lumen endotracheal 
tube was used when the size of the patient permitted this 
option. Twe pediatric patients underwent the procedure 
with intercostal nerve anesthesia. Patients were most 
commonly positioned in the lateral decubitus position, as 
this afforded the best view of all areas of the pleural 
cavity. The chest was widely prepared to allow the option 
of placing a zhest tube or tubes in any area if adhesions or 
underlying diseases dictated this step. 

A 9-mm trocar was inserted after the area was aspirated 
to confirm the presence of fluid or pneumothorax. A Storz 
rigid telescope (Karl Storz Endoscopy-America, Inc, Cul- 
ver City, C4) was then introduced through the trocar. In 
the patients with pleural effusion, as much fluid as 
possible wes removed by a suction catheter passed 
through the trocar before the telescope was inserted. The 
telescope assisted in the choice of location for insertion of 
the second trocar, usually 5 cm from the original position 
in the same interspace. Under direct visualization, a 
suction cath2ter passed through the second, or working, 
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Table 1. Results of Thoracoscopic Talc Poudrage 
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No. of Successful 
Condition Patients Diagnosis Treatment Complications 
Pneumothorax 20 Cystic fibrosis (9) 19 (95%) None 
COPD (7) 
Spontaneous pneumothorax (2) 
Postoperative air leak (2) 
Pleural effusion 20 Malignant process (14) 18 (90%) 1 persistent small effusion treated 


Chylothorax (3) 
Macroglobulinemia (1) 
Yellow nail syndrome (1) 


with tube thoracostomy 


2 hospital deaths (pulmonary 
embolus, support withdrawal) 


Nonmalignant effusion after radiation therapy (1) 





COPD = chronic obstructive pulmonary disease. 


trocar removed any remaining pleural fluid. On occasion, 
a biopsy forceps or an insulated cautery was used to 
divide pleural adhesions that were thought to restrict lung 
reexpansion. 

Talc insufflation over the entire pleural surface was then 
carried out under direct visualization through the second 
trocar using a Huzly insufflation system (Karl Storz En- 
doscopy-America, Inc) (Fig 1). The talc used was US 
Pharmacopeia talc, a hydrous magnesium silicate known in 
its native form as soapstone or French chalk. The talc was 
specified by the manufacturer (Humco Laboratory, Texar- 
kana, TX) to be free from asbestos. The talc was incubated 
in a dry-heat oven at 125°C for 12 hours and then cultured 
to demonstrate no bacterial or fungal contamination over 
a 7-day period before it was released for operative use. 





Fig 1. Intraoperative view through thoracoscope of talc on visceral 
pleural surface after poudrage. The insufflation catheter is seen within 
the working trocar at the top of the figure. 


The 9-cm tube in the insufflation system was found to 
hold 3.5 g of talc. No more than three tubes, or 10.5 g, 
were used in the adult patients, and correspondingly less 
talc was used in the smaller pediatric patients. 

Collapse of the lung to permit maximum visualization 
was facilitated by using single-lung anesthesia and by 
opening the trocar so that extra air could enter the pleural 
cavity. After adequate removal of fluid and division of 
restrictive adhesions, the pleural surfaces were covered 
with talc. The working trocar was removed and a chest 
tube inserted through that site under direct visualization 
with the thoracoscope. On occasion, a second tube was 
placed through the original trocar site for maximum 
drainage of air or fluid. 


Results 


Twenty patients were treated with thoracoscopy and talc 
poudrage for persistent pneumothorax, and successful 
leak closure was accomplished in 19 (95%). The one 
immediate failure was in a patient with chronic obstruc- 
tive pulmonary disease with a large air leak in a moderate- 
sized bleb. This patient had a persistent pneumothorax 
and subsequently underwent limited thoracotomy and 
bleb resection. The 2 patients with postoperative air leak 
had undergone open lung biopsies for severe parenchy- 
mal disease and had chronic bronchopleural fistulas with 
a small associated pneumothorax. Both were successfully 
treated with talc poudrage. There have been no recur- 
rences in this group, but some of the patients have died of 
the underlying disease since treatment. 

Twenty patients were treated with thoracoscopy and 
talc poudrage for recurrent effusions of various causes; 
success was achieved in 18 (90%). These patients exhib- 
ited no recurrence during hospitalization or up to 1 month 
after treatment. In 2 patients with malignant effusion, the 
process was not controlled by talc. There were two 
hospital deaths in this group, both occurring after the 
effusions had been treated and the chest tubes removed. 
One death was secondary to a pulmonary embolus in a 
patient with underlying malignancy, and the other was in 
a patient with advanced lymphoma who requested that all 
support be withdrawn. 
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The average time to removal of the chest tube for the 
pneumothorax group was 5.2 days with a range of 2 to 24 
days. The average time to chest tube removal for the 
pleural effusion group was 4.6 days with a range of 3 to 10 
days. There were no episodes of respiratory distress 
syndrome or pneumonitis after intrapleural talc poudrage 
in this series. 


Comment 


This study involved the use of thoracoscopically guided 
talc poudrage in two separate clinical settings— 
pneumothorax and pleural effusion. The use of talc for the 
treatment of pneumothorax has been previously reported 
[4, 6}. Our results support a previous observation by our 
group [6] that recognition and lysis of pleural adhesions 
by the direct visualization afforded by thoracoscopy con- 
tributes to the effectiveness of this treatment of pneu- 
mothorax. The one failure in the pneumothorax group, a 
large leak in a clinically unrecognized bleb, leads us to 
recommend that the surgeon assess at the time of thora- 
coscopy the ability of the lung to reexpand under positive- 
pressure ventilation and perform a limited thoracotomy if 
adequate reexpansion is not demonstrated. 

Patients with pneumothorax and underlying chronic 
lung disease generally have a longer life expectancy than 
patients with recurrent pleural effusions, especially those 
of the malignant variety. This fact raises the issue of the 
long-term effect of intrapleural talc. The development of 
malignant mesothelioma and other asbestos-related dis- 
eases is not a problem if asbestos-free talc is used. 
Potential pleural thickening with restrictive lung disease 
is a theoretical concern. Lange and colleagues [7] studied 
patients 22 to 35 years after talc poudrage for spontaneous 
pneumothorax and found only a mild restrictive impair- 
ment (total lung capacity averaged 89% of the predicted 
value). McGahren and co-authors [8] recently reported 
the effect of talc poudrage on growing swine and de- 
scribed an early impairment in dynamic compliance, 
which resolved with time and growth. 

Certainly in the setting of cystic fibrosis or severe 
chronic obstructive lung disease, we believe talc poudrage 
is highly effective (95% in this series), safe, and unlikely to 
affect pulmonary function negatively. The pleural sym- 
physis achieved is so effective, however, we do not 
recommend the use of talc if the patient could possibly be 
considered a candidate for subsequent lung transplanta- 
tion. 

The use of talc for the treatment of pleural effusions has 
been extensively discussed in the literature [2, 3, 9, 10]. 
Austin and Flye [5] reported a 90% effectiveness rate for 
talc compared with 80% to 87% for tetracycline pleurod- 
esis, 60% for tube thoracostomy alone, and less than 4% 
for thoracentesis. Little and co-workers [11] obtained an 
83% effectiveness rate with the use of pleuroperitoneal 
shunts for recurrent effusions, but this approach necessi- 
tates continued shunt compression by the patient or the 
family. 

The present study confirms the effectiveness of talc 
poudrage. This method necessitates general anesthesia in 
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very ill patients; the advantages, however, are several. 
Oakes and associates [1] pointed out the lack of pain 
experienced by the patient, and our experience substan- 
tiates this, especially when talc poudrage is compared 
with the use of intrapleural tetracycline in the awake, 
sedated patient. Thoracoscopy avoids a painful incision 
while permitting a direct visual assessment of the pleural 
surface. This allows lysis of adhesions where necessary 
and biopsy if diagnostically indicated, and affords the 
possibility of assessing the effect of positive-pressure 
ventilation on a trapped lung to see if apposition of the 
pleural surfaces will be possible. Failure to assess lung 
reexpansion may have played a role in our two failures in 
the pleural effusion group. Oakes and colleagues [1] 
described a case of malignant effusion in which recogni- 
tion of a nonexpanding lung at thoracoscopy permitted 
immediate thoracotomy and decortication with successful 
obliteration of the pleural space. 

Although no patient in our series experienced pulmo- 
nary parenchymal complications, the use of intrapleural 
tale for pleural effusion has been reported by Bouchama 
and co-authors [12] to cause acute pneumonitis and by 
Rinaldo and associates [13] to cause respiratory distress 
syndrome. It is known that intravenous talc can cause 
pulmonary hypertension and increased capillary perme- 
ability [12], but the causal relationship to intrapleural talc 
remains unexplained. The absence of this complication in 
our series may be explained by our use of the talc as a 
powder (poudrage) as opposed to its use in a suspension 
in normal saline solution as described by Bouchama [12], 
Rinaldo [13], and their co-workers. 

The 2 deaths, one due to pulmonary embolus and the 
other due to the desire of the patient to terminate care, 
point out that these patients are often bedridden, often 
have underlying malignancies, and are at risk for an 
embolus and also that the decision to undertake thoraco- 
scopic pleural talc poudrage should be reserved only for 
patients with a prospect for survival greater than 1 month. 
With more limited survival expectancy, we advocate re- 
peat thoracentesis with or without a sclerosing agent. 

In summary, our study demonstrates that talc poudrage 
is an effec-ive treatment for pneumothorax and recurrent 
effusion in patients with severe underlying pulmonary 
disease when proper patient selection is made and when 
maximum use is made of the thoracoscope to identify the 
process, release adhesions, assess lung reexpansion, and 
widely distribute talc over the pleural surface. 
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DISCUSSION 


DR SAFUH ATTAR (Baltimore, MD): I have two comments to 
make, one with respect to the pain and the second with respect 
to the recurrence of effusion in the group treated for malignant 
effusions. At the University of Maryland Cancer Center, our routine 
has been to use tetracycline infusion into the pleural cavity, and we 
have had, I would say, nearly 100% success with this procedure. 
The reason for the success is twofold. First, we routinely use 
lidocaine hydrochloride, 100 mg, which is injected with the tetra- 
cycline, to relieve pain. The patients have expressed definite relief 
when lidocaine is administered intrapleurally with tetracycline. 

Second, I think the success of the procedure depends on the 
enthusiasm of the treating physician as well as the cooperation of 
the nurses and the patient. If the patient is placed in a different 
position every 6 hours so that the pleural space is exposed totally 
to the infused tetracycline, good pleurodesis will result without 
recurrence of the effusion. I think if you follow these two 
suggestions, you will not need to use the thoracoscope and talc 
powder for malignant pleural effusion. 


DR J. ALEX HALLER, JR (Baltimore, MD): I have no quarrel with 
this concept of generalized pleurodesis for patients with malig- 
nant effusions because it seems to be very effective and we do not 
have to worry too much about the subsequent pulmonary func- 
tion. Iam concerned about its use in patients with cystic fibrosis, 
however. Pulmonary function studies done after obliteration of 
the whole pleural space with various techniques showed a 20% to 
25% decrease in pulmonary function because of the interference 
with normal dynamics of that side of the chest. To avoid this, we 
have used a technique involving the transaxillary operative 
approach with gauze irritation of just the area of the lung where 
there was a leaking bleb. 

Have you done any pulmonary function studies of your patients 
before and after use of talc? In those patients who are going to 
survive, pulmonary function is of great consequence. I am con- 
cerned that this technique might markedly decrease pulmonary 
function by obliterating the whole pleural space when all you really 
need to do is block the area where the pneurnothorax has occurred. 


DR GEORGE R. DAICOFF (St Petersburg, FL): One of the more 
pesky problems my colleagues and I have seen, not commonly 
but enough to be troublesome, is pleural effusion after the Fontan 
procedure. Have you had any experience with this, and do you 
think talc poudrage might work? 
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DR NORMAN J. SNOW (Cleveland, OH): My colleagues and I 
also have problems with patients with cystic fibrosis at our chil- 
dren's hospital. In that group of patients, how would you prospec- 
tively apply your caveat about possible lung transplantation being a 
contraindication to this procedure? In the future, some of these 
children might be candidates for heart-lung transplantation. 


DR DANIEL: Dr Attar, we all were brought up on the idea of 
Xylocaine (lidocaine hydrochloride) and use of a tube thoracos- 
tomy. My colleagues and I tried this method, and found it to be 
variably successful in some patients. Even though you administer 
Xylocaine and neutralize it to bring the pH into line, reexpansion 
of the lung still seems to be a painful process. I think we are 
talking about two procedures that work quite. well, and the 
question is how fully you want the first and only procedure to 
work well. The inability to visualize the intrathoracic cavity, 
recognize adhesions, or recognize a trapped lung makes blind 
insertion of a tube with intrapleural tetracycline less effective 
than direct visualization through a thoracoscope. 

Dr Haller, in the manuscript we discuss the effect of intrapleu- 
ral talc on pulmonary function to the extent we have any 
knowledge of it, and in the literature there is an interesting article 
from Scaridinavia by Dr Lange and colleagues [7]. They restudied 
patients who had had talc pleurodesis 22 to 35 years later and 
found there was a slight decrease to about 87% in functional 
residual capacity versus normal controls. The authors considered 
this not a clinically significant change. As for basic laboratory 
work, Dr McGahren and co-workers [8] from the laboratories in 
the Pediatric Surgery Department at the University of Virginia 
have done a study that will be in the Journal of Pediatric Surgery. 
They divided growing swine into two groups. In one group, they 
instilled talc and in the control group, they did just a thoracoscopy 
with no talc instillation. In the dynamic compliance measurements, 
they found that there were some changes initially but these ap- 
peared to totally clear as the swine grew in size. That attempt to 
make a laboratory model appears to suggest there is not a clinically 
measurable change. However, that issue is important to consider. 

, Dr Daicoff, we have had no experience with this technique 
after a Fontan procedure; therefore, I cannot comment on it. 

Dr Snow, you raise an issue that we think is going to be 
critically important if lung transplantation, particularly double- 
lung transplantation in patients with cystic fibrosis, becomes very 
common. Í think that development might lead us not to recom- 
mend such an effective procedure as talc poudrage but perhaps a 
limited thoracotomy or something else. 
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Neoaymlutie yttrium-aluminum garnet (Nd:YAG) laser 
therapy and endobronchial brachytherapy are useful 
- modalities in the palliation of inoperable bronchogenic 
carcinoma. From 1983 to 1989, 218 patients underwent a 
total of 371 procedures involving endobronchial brachy- 
therapy, Nd:YAG laser therapy, or both. Group 1 con- 
sisted of 130 patients who received Nd:YAG laser ther- 
apy. Group 2 consisted of 67 patients who had 
endobronchial brachytherapy only. Group 3 comprised 
21 patients who underwent combined endobronchial 


arcinoma of the lung is the most common disease 
seen by the practicing thoracic surgeon. Based on 
National Cancer Institute statistics, it is estimated that 
there will be 170,000 new cases of carcinoma of the lung in 
1990, with approximately 160,000 deaths [1]. Surgical 
intervention is the preferred treatment for resectable 
non-small cell carcinoma of the lung and represents thé 
only chance for cure. In this group of patients, 50% or less 
will ultimately be candidates for surgical resection [2]. 
When the patient cannot undergo operation for medical 
reasons or is not considered a carididate for surgical 
intervention from.an anatomical or physiological stand- 
point, other modalities of therapy must be considered. 
Conventional therapy for nonresectable non-small cell 
carcinoma of the lung has been combination chemother- 
apy, external-beam irradiation, or both: Even though the 
results of these palliative therapies are sometimes encour- 
aging, the high incidence of recurrence and the relatively 
limited value of any treatment have made the manage- 
ment of lung cancer a difficult problem. 
` Neodymium: yttrium-aluminum garnet (Nd:YAG) laser 
therapy for recurrent carcinoma of the lung was intro- 
duced in 1981 in France by Dumon [3] and in 1983 in the 
United States by Unger and Atkinson [4]. In 1985, various 
types of endobronchial therapy became clinically applica- 
ble for primary or recurrerit inoperable cancer of the 
trachea and main bronchi. These modalities included 
electrocoagulation, endobronchial phototherapy with he- 
matoporphyrin and laser, and endobronchial irradiation 
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brachythe-apy and Nd:YAG laser therapy. All patients 
had received or were receiving concurrent radiotherapy. 
Three late deaths occurred in group 1, and 1 death 
occurred in group 2. More than 80% of patients achieved 
a good to 2xcellent result. When applicable, we now use 
combined Nd:YAG laser therapy and endobronchial 
brachytherapy as part of the initial management of inop- 


` erable non-small cell bronchogenic carcinoma. A de- 
' tailed analysis of these patients is given. 


(Ann Thorac Surg 1990;50:190-6) 


using various radiation sources [5]. The last is known as 


. endobronchial brachytherapy. We have found that Nd: 


YAG laser therapy, endobronchial brachytherapy, or a 


` combination of both represents a vety important advance 


in the treatment of initial and recurrent obstructing tra- 


: cheobronchial lesions causing airway compromise. Our 


` purpose is 


is to review our experience with Nd:YAG laser 


' therapy end endobronchial brachytherapy in the manage- 


ment of inoperable bronchogenic carcinoma. 


Material and Methods 


From 1983 to April 1989, 218 patients underwent a total of 
371 procedures involving endobronchial brachytherapy, 
Nd:YAG laser therapy, or both. Age of the patients 
ranged from 24 to 86 years with a mean of 62 years. There 


' were 154 men and 64 women. All procedures were 


performed on the Cardiothoracic Surgical Service of Em- 
ory University Affiliated Hospitals. All laser therapy in- 


- terventicns were performed by the same surgeon, and all 


bronchoszopic afterloading catheter placements were 
done by the same surgeon and two pulmonologists. The 
afterloading radiation management was performed by 


_ two radiclogists. 


Laser tnerapy was performed using the Nd:YAG laser 
manufactured by Medalius. Therapy was delivered by a 
flexible quartz fiber through an Olympus fiberoptic bron- 
choscope. All endobronchial brachytherapy was per- 
formed ty surgical placement of the fiberoptic broncho- 
scope in the appropriate area of the endobronchial tree 
and placement of a No. 5 afterloading catheter through 
which a high-intensity iridium 192 source was put into the 
area by the radiotherapist. Almost all brachytherapy treat- 
ments were performed on an outpatient basis. 
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The patients were divided into three groups according 
to the type of therapy. Group 1 consisted of 130 patients 
who underwent Nd:YAG laser therapy only. Group 2 
consisted of 67 patients who underwent endobronchial 
brachytherapy only. Group 3 comprised 21 patients who 
had combined Nd:YAG laser therapy and endobronchial 
brachytherapy. 


Laser Therapy 


Indications for laser therapy in the 151 patients receiving 
it were as follows: a benign tracheobronchial lesion, 4 
patients; malignant tracheobronchial lesions, 142 (116 
primary and 26 metastatic); and hemorrhage of more than 
300 mL, 5. The most common metastatic tumors were 
endobronchial renal cell carcinoma, metastatic breast car- 
cinoma, and metastatic melanoma. 

All patients admitted for Nd:YAG laser therapy under- 
went a standard protocol management. This consisted of 
a complete history and physical examination, pulmonary 
function test, arterial blood gas assessment, chest roent- 
genograms, tracheal tomograms or a computed tomo- 
graphic scan with coronal reconstructions, and a coagu- 
lation profile and a type and crossmatch for blood. All 
patients were managed by a standard anesthesia protocol 
consisting of an arterial line or dynomat monitoring and 
finger or ear oximetry. Concentration of inhaled oxygen 
was kept less than 50%, and protective laser glasses were 
worn by all operative personnel. 

Operative management included an initial fiberoptic 
bronchoscopy, performed under local anesthesia, to be 
sure the patient was suitable for Nd:YAG laser therapy. 
After the bronchoscopic assessment, general anesthesia 
was induced, and laser bronchoscopy was performed. 

Operative management with the Nd:YAG laser con- 
sisted of initial induction of general anesthesia, followed 
by introduction of a rigid No. 9 ventilating Jackson bron- 
choscope or a Wolfe-Dumon laserscope, depending on 
the exact location of the lesion. An Olympus fiberoptic 
bronchoscope was passed through the rigid scope. Laser 
therapy was performed at a power density of 40 W and a 
pulse width of 0.5 seconds in all patients. The coagulation 
mode of the laser was predominantly used. After coagu- 
lation of the tumor blood supply, the majority of the 
tumor was quickly removed with the large biopsy forceps 
of the rigid endoscopic system. Any residual tumor or 
bleeding was touched up using the coagulation mode of 
the laser. 


Brachytherapy 


Indications for brachytherapy in 88 patients included 
nonresectable lesions; symptomatic lesions with an ob- 
structed bronchus, hemoptysis, or intractable cough; and 
impossibility of use of conventional therapy. The 88 
patients underwent a total of 230 brachytherapv treat- 
ments. Twenty-one of these patients underwent Nd:YAG 
laser therapy by the previously described protocol. In 18, 
the laser procedure was performed 2 days to 2 weeks 
before endobronchial brachytherapy, and in 3, laser ther- 
apy was carried out after initial brachytherapy. Of the 88 
patients undergoing brachytherapy, 81 had primary bron- 
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chogenic carcinoma and 7, metastatic endobronchial car- 
cinoma. 

All endobronchial brachytherapy was performed with a 
Nucletron Selectron high-dose radiation remote afterload- 
ing unit using an iridium 192 source. The Selectron 
system is a three-channel, high-dose rate, remote after- 
loading system. It consists of a treatment unit, which 
stores the sources within a lead-shielded safe in a desk- 
top control unit. The unit has a memory for 100 standard 
source loadings with the treatment times. These are 
automatically corrected for source decay. The treatment 
time and the number and positions of sources can be 
programmed independently for each channel to give the 
required dose distribution for a particular patient or tumor 
geometry. The accuracy of source positioning is to within 
+ 1mm. The radiation source used in all patients was an 
iridium 192 source. The iridium 192 source is placed 
through a 5F catheter. Definitive or palliative radiation 
therapy, in doses ranging from 30 to 60 Gy (3,000 to 6,000 
rads), had been given previously or was given concur- 
rently in all but 1 patient. 

Catheter placement for endobronchial brachytherapy 
was performed in the bronchoscopy suite with the patient 
under sedation and with a topical anesthetic. All proce- 
dures were performed on an outpatient basis. A 5F 
afterloading catheter was advanced through the working 
channel of the bronchoscope into the desired location, 
and the bronchoscope was withdrawn over the catheter. 
The catheter was secured at the nasal orifice, and the 
patient was transferred to the radiation suite. A dummy 
source was placed in the length of the catheter to be 
loaded, the determination based on chest roentgeno- 
grams and bronchoscopic findings. An iridium 192 line 
source was placed in the desired length of the catheter. 
Dosimetry consisted of a dose of 10 Gy (1,000 rads) in one 
fraction 1 cm from the source in all patients. Total time for 
delivery of this dose ranged from 10 to 14 minutes, 
depending on the source strength and the length of the 
oscillation. After completion of brachytherapy, the after- 
loading catheter was removed, and the patient was ob- 
served for 30 minutes and discharged. Location of cathe- 
ter placement depended on the exact location of the 
tumor, and in this series involved the trachea, main 
bronchi, or lobar orifices in all patients. No subsegmental 
orifices were considered suitable for endobronchial 
brachytherapy. Each patient underwent three brachyther- 
apy treatments at 2-week intervals, for a total of 30 Gy 
(3,000 rads) delivered over 4 weeks to the primary treat- 
ment area. 


Results 


The predominant mode of evaluation in this series was 
clinical evaluation combined with chest roentgenographic 
assessment and endobronchial reevaluation of all pa- 
tients. No standard classification has been published for 
series comparisons of the results of therapy with the 
Nd:YAG laser or brachytherapy. To try to reach some 
degree of comparison with reported series, we attempted 
to classify our results with Nd:YAG laser therapy accord- 
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ing to the classification system reported by Unger [6] and 
the results of brachytherapy with the classification re- 
ported by Kohek and colleagues [7]. Classification of 
results with Nd:YAG laser therapy is as follows: 


Excellent: restoration of tracheal or bronchial lumen, 
corresponding to improvement of objective variables 
and clinical status 

Fair: partial restoration of the lumen, correlating with 
some amelioration of objective variables 

Poor: no restoration of lumen and only temporary 
control of hemoptysis 


Classification of results with brachytherazy is as follows: 


Excellent: more than 80% of normal lumen reopened 

Good: more than 50% of normal lumen reopened (min- 
imal residual tumor) 

Fair: less than 50% of normal lumen zeopened (gross 
residual tumor) 

Poor: no response 


In both classification systems, an excellent result is 
associated with reopening of more than 80% of the normal 
lumen, with corresponding improvement in objective 
variables and clinical status. A good result is associated 
with reopening of more than 50% of the normal lumen, 
with some improvement in clinical symptomatology and 
corresponding variables. A fair result is associated with 
reopening of less than 50% of the bronchial lumen and the 
presence of major clinical symptoms. A poor result in 
both categories is associated with no response to the 
therapy. 


Group 1 
Group 1 (n = 130 patients) underwent Nd:YAG laser 
therapy only. For each patient, laser therapy was per- 
formed at a single sitting with an average of 3,750 J per 
patient. Each procedure required an average of approxi- 
mately 32 minutes of operating time and was performed 
as previously described. All patients had received prior or 
received concomitant external-beam irradiation. All but 5 
_Ppatients were treated for obstruction of the trachea, main 
bronchi, or lobar bronchi. Five patients were treated for 
hemoptysis. Following the recommendations of Dumon 
[3], no lesion in the left upper lobe bronchus was consid- 
ered suitable for laser therapy. 

Ninety-six patients had an excellent result, 24 had a 
good result, and 10 had a poor result. Improvement in 
symptoms of respiratory obstruction, including substan- 
tial improvement in shortness of breath and decrease in 
cough, was noted in all patients except those who had a 
poor result. There were three late hospital deaths. One 
hundred twenty-seven patients were discharged from the 
hospital an average of 72 hours after laser therapy. In the 
last year, almost all patients were discharged within 24 
hours after laser therapy. 

There were three complications in this group. Major 
bleeding developed in 1 patient approximately 3 weeks 
after laser therapy. The patient ultimately died and was 
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Table 1. Survival of Patients Undergoing Treatment 








No. of 
Treatment Patients 2Months 6Months 1 Year 
Nd:YAG 130 127 110 83 
EB 67 66 60 
Nd:YAG + EB 21 21 20 





EB = endob-zonchial brachytherapy; 
aluminum garnet laser therapy. 


Nd:YAG = neodymium:yttrium- 


included as a hospital death. One patient sustained an 
esophageal perforation. It was recognized in the recovery 
room, and the patient subsequently underwent surgical 
repair buf died 6 weeks later in the hospital of respiratory 
distress. Another patient underwent laser therapy while 
on a ven=lator for a high-grade obstructing lesion but was 
never abl2 to be weaned from the ventilator and died 7 
weeks after laser therapy, even though the airway had 
been cleared of the endobronchial obstruction. 

In this group of 130 patients, 127 patients survived at 
least 2 months; 110 patients have survived longer than 6 
months; and 83 patients have survived at least 1 year 
(Table 1). Eighteen patients have survived up to 2 years 
after lasez therapy. 


Group 2 

Group 2 tn = 67 patients) received endobronchial brachy- 
therapy clone. The predominant indications for therapy 
in this group were extrinsic bronchial compression ren- 
dering Nd:YAG laser therapy inappropriate and an ob- 
structing lobar lesion, which made laser therapy not 
advisable because of proximity to major blood vessels. A 
total of 180 treatments were performed in these 67 pa- 
tients. Ech brachytherapy treatment was delivered with 
the Selec-ron high-dose afterloading unit using an iridium 
192 source. Average time of treatment was approximately 
12 minutes. 

Of these 67 patients, 50 achieved an excellent result, 12 
had a good result, and 5 received a poor result. There was 
1 death; the patient sustained a massive hemorrhage at 
home 5 days after the third brachytherapy treatment. 

In foliow-up, 66 of the 67 patients survived at least 2 
months, and 60 have survived 6 months or longer (see 
Table 1). At present, 31 patients are alive 1 year after the 
initial brachytherapy. The reason that there is such a large 
number 2f survivors at 1 year after brachytherapy is that 
we are now using it in the initial management of all 
patients with inoperable bronchogenic carcinoma. 


Group 3 

Group = (n = 21 patients) underwent Nd:YAG laser 
therapy combined with endobronchial brachytherapy. In 
18 of these patients, laser therapy was performed before 
endobronchial brachytherapy. This group represents pa- 
tients who were seen over the last 12 months of the study 
and whe received our initial therapy for inoperable bron- 
chogenic carcinoma with obstructive lesions in the major 
tracheokronchial tree. We begin all therapy with the 
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Nd:YAG laser or endobronchial brachytherapy or a com- 
bination in appropriate patients. All of these patients had 
major obstruction to the trachea or main bronchi, and the 
symptomatology was predominantly shortness of breath, 
with minor bleeding in 2 patients. Each patient received a 
total of three endobronchial brachytherapy treatments 
with 10 Gy (1,000 rads) delivered at 1 cm on each 
treatment, and a total of 30 Gy (3,000 rads) delivered over 


1 month. 


Nineteen patients had an excellent result, and 2 pa- 
tients had a good result; no patient had a poor result. 
There were no deaths in this group. 

All 21 patients have survived at least 2 months (see 
Table 1). Twenty patients have survived 6 months or 
longer. Follow-up beyond 6 months is incomplete. 

Among the 88 patients who underwent brachytherapy 
(groups 2 and 3), 4 experienced complications. One pa- 
tient had minor bleeding, which subsequently subsided, 
after the procedure. Another patient complained of 
marked shortness of breath, which led to hospitalization. 
Two patients had major chest pain, which was relieved by 
partial withdrawal of the catheter. 


Comment 


When non-small cell bronchogenic carcinoma is initially 
unresectable, is medically inoperable, or represents recur- 
rent disease after resection, previous methods of therapy, 
whether palliative or with curative intent, have consisted 
of external-beam irradiation, combination chemotherapy, 
or both. Local recurrence with symptomatic airway ob- 
struction is common after initial definitive therapy or 
develops after previous chemotherapy, radiation therapy, 
or both. In recent years, it has been suggested [8-11] that 
Nd:YAG laser therapy and endobronchial brachytherapy 
have the potential to prove major palliation in the man- 
agement of inoperable bronchogenic carcinoma. 

During the past 2 years, if a patient is considered to 
have initially inoperable bronchogenic carcinoma on the 
basis of physiological, anatomical, or medical reasons, we 
have used Nd:YAG laser therapy, endobronchial brachy- 
therapy, or a combination of these as part of our initial 
management. After initial laser therapy or endobronchial 
brachytherapy, external-beam irradiation is added con- 
currently as is combination chemotherapy, when appro- 
priate. During the past year, we have entered into trial 
protocols combining Nd:YAG laser therapy, external- 
beam irradiation radiotherapy, brachytherapy, and ad- 
junctive chemotherapy with VP-16, cis-platinum, and 
Velban (vinblastine sulfate). 

Laser therapy presents a means to immediately reopen 
occluded bronchi. The results when the trachea cr main 
bronchi are occluded with a high-grade occlusion are 
quite dramatic. Immediate improvement in pulmonary 
function studies, arterial blood gases, and chest roentgen- 
ograms is very evident. In the past 2 years, we have 
refined our laser technique to include a short operating 
time with coagulation of the tumor blood supply and 
immediate removal of all bulk tumor with the large biting 
forceps. This has reduced our intraoperative time to 
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approximately 30 to 45 minutes in all patients. All laser 
procedures are done at a single sitting, and we have not 
performed staged laser intervention in the past 4 years. 

The term brachytherapy refers to that form of radiother- 
apy with a short distance between the radiation source 
and the target area [12]. The principal use has been to 
deliver a high-dose treatment to a small target volume. 
Brachytherapy is useful in exophytic endobronchial dis- 
ease and extrinsic endobronchial disease. One advantage 
of brachytherapy is the ability to deliver high intensities of 
radiation to a controlled position without damage to 
external tissues. Patient comfort and safety factors are 
easy to control, and the accuracy of dosimetry is ex- 
tremely precise. There have been minimal complication 
rates and very excellent response rates. The potential 
complications of brachytherapy include increase in symp- 
tomatology of shortness of breath, bronchial necrosis, 
bleeding, fistula formation, and arrhythmias. In our ob- 
servation of more than 230 treatments, we have not noted 
any of these to be a major problem. 

Endobronchial brachytherapy can be used concurrently 
with or after maximum external radiotherapy without any 
major radiation consequences. 

Historically, Sidney Yankauer presented his experience 
with brachytherapy on June 1, 1921, to the American 
Bronchoscopic Society in New York [13]. In 1961, Poole 
[14] reported his experience with 42 patients in whom a 
radon-containing capsule was inserted through a rigid 
bronchoscopic system. In 1978, Hilaris and Martini [15] 
published their experience with interstitial brachytherapy 
in a large number of patients. Five years later, Mendiondo 
and associates [16] reported the successful utilization of a 
rigid bronchoscope with implantation of a radionuclide. 
They also reported the utilization of a fiberoptic broncho- 
scope with placement of a small polyethylene tube into a 
bronchus through which an iridium 192 seed was im- 


planted. In 1985, Schrady and others [12] observed that 


the response to the Nd:YAG laser lasted longer when 
followed with brachytherapy. Despite decades of favor- 
able experience with endobronchial brachytherapy for 
recurrent malignant airway obstruction, its use has been 
limited to a few institutions and a small number of 
patients. Possible reasons for this include the following: 
considerable technical skill and special equipment are 
required; the procedure is associated with potential risk; 
considerable technical support is required; and radiation 
therapy is a concern [8]. 

One of the major advantages of endobronchial brachy- 
therapy is the ability to place a radioactive source near the 
tumor area. The high-dose radiation content is given to 
the tumor, but the dose falls off rapidly because of the 
inverse square law. As only a small volume of tissue 
receives a normal therapeutic dose of radiation, the 
chance of severe normal tissue damage is markedly re- 
duced [8, 9]. Consequently, brachytherapy is being used 
for repeat irradiation in multiple sites with an acceptably 
low complication rate. 

The dosimetry of 10 Gy (1,000 rads) at 1 cm can 
potentially be criticized. However, in our hands, this dose 
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Table 2. Survival and Improvement 





Type of 

Reference Treatment 
Unger? None (control) 

Nd:YAG 
Speiser and Spratling [17] EB (45) 
Kohek et al [7] Nd:YAG + EB (15) 
Schrady [18] EB (40) 

Nd:YAG + EB (61) 
Miller and Phillips [present study] EB (67) 


Nd:YAG + EB (21) 
Nd:YAG (130) 


a Numbers in parentheses are numbers of patients. 
EB = endobronchial brachytherapy; 


has worked well, providing acceptable results with a low 
complication rate. 

Part of the problem in trying to quantify results is due to 
the fact that there are few centers reporting experience 
with this combined modality therapy and the fact that 
there are no standard criteria for defining good and 
excellent results with these modalities. ; 

In an attempt to quantitate survival and improvement 
with other reported series, we compiled Table 2. Unger 
found that for 1,000 patients receiving Nd:YAG laser 
therapy, the mean survival was 400 days and the longest 
survival, 565 days (M. Unger, personal communication, 
1989). Speiser and Spratling [17] repotted that of 45 
patients who underwent endobronchial brachytherapy, 
28% survived at least 12 months. They also noticed an 
overall improvement rate of 65%. Kohek and co-workers 
[7] presented their results in 15 patients who underwent 
combined Nd:YAG laser and endobronchial brachyther- 
apy. The mean survival was 161 days, and 37% of patients 
survived up to 16 months. 

From the Mayo Clinic, Schrady [18] reported that 60% 
of 40 patients who underwent endobronchial brachyther- 
apy showed noted improvement. In an additional 61 
patients who underwent combined Nd:YAG laser therapy 
plus endobronchial brachytherapy, 64% showed improve- 
ment. Schrady and associates [8] believe that brachyther- 
apy appeared to have prolonged the duration of palliation 
by laser therapy in the majority of patients by a factor of 
two to three times based on a retrospective review of their 
laser experience. Because of this information, they believe 
that brachytherapy is a valuable adjunct to laser therapy 
in the treatment of inoperable carcinoma. 

In our series of patients, the longest survival of a patient 
undergoing endobronchial brachytherapy has been more 
than 1 year. For the 21 patients who underwent combined 
Nd:YAG laser therapy and endobronchial brachytherapy, 
the longest survival has been 120 days. For the 130 
patients who underwent Nd:YAG laser therapy, the mean 
survival has been 460 days and the longest survival, 600 
days. More than 80% of the patients who underwent 
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Mean Longest Improvement 

E (a) (%) 
200 220 

400 565 ee 
220 365 (28%) 65 
161 ` 16 mo (37%) E 
i 60 
ed 64 
120 70 
120 siaa 
460 600 ' 80 


P This was a personal communication, 1989. 


Nd:YAG = neodymium:yttrium-aluminum garnet hser therapy. 


Nd:YAG ‘aser therapy have reported a good to excellent 
result. 

Based cn our results in this study, we believe that the 
following are reasonable considerations in the manage- 
ment of inoperable initial or recurrent non-small cell 
bronchogenic carcinoma: 


1. For inoperable or unresectable non-small cell bron- 
chogenic carcinoma with proximal, endobronchial, or 
. tracheal exophytic disease, we begin with Nd:YAG 
laser tnerapy followed in 48 to 72 hours by endobron- 
chial brachytherapy. This is subsequently followed 
with external-beam radiation therapy and, in appropri- 
ate instances, ie, if the patient is considered suitable, 
with combination chemotherapy. 

2. For inoperative or unresectable non-small cell bron- 
chogenic carcinoma with proximal endobronchial extrin- 
sic ccmpressive disease, we begin with endebronchial 
brachytherapy followed by external-beam radiotherapy. 


We think that the use of Nd:YAG laser therapy and 
endobronchial brachytherapy improves the quality of 
survival -n more than 80% of patients. It also appears to 
enhance a longer period of survival. 
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DISCUSSION 


DR HARVEY I. PASS (Bethesda, MD): This is a beautiful series. 
I just have a couple of specific questions. When do you do your 
first follow-up bronchoscopy after treatment? 


DR MILLER: The follow-up bronchoscopy is done 1 month after 
laser therapy and 1 month after endobronchial brachytherapy at 
no cost to the patient. 


DR PASS: My other question concerns the subgroup of patients 
who may benefit most from this treatment, ie, the patients who 
have failed conventional treatment, which means they have had 
radiation therapy. Some reports indicate that you can gauge 
whether these patients are going to respond to endcbronchial 
brachytherapy by the previous response to irradiation. Have you 
found that to be the case? 


DR MILLER: In the early part of the series, the majority of these 
patients had all initially undergone conventional radiation ther- 
apy previously. In the last 2 years, we have used this as part of 
our initial approach in the management of all these patients. 
Endobronchial brachytherapy has the advantage in that you can 
take a localized area that has already received 55 to 65 Gy (5,500 
to 6,500 rads) and deliver 30 Gy (3,000 rads) directly to it and 
achieve substantial improvement. For instance, if you have an 
obstructing right upper lobe lesion that has previously been 
irradiated, you can come back and irradiate it either for obstruc- 
tive reasons or for bleeding and get very good results. 


DR THOMAS M. DANIEL (Charlottesville, VA): I am delighted 
to see thoracic surgeons playing an aggressive role in this area. 
My question has to do with patient selection. We all know that 
proximal tracheobronchial and main bronchial lesions respond 
very dramatically. However, in the case of lobar lesions, partic- 
ularly when brachytherapy is used, I question whether the area 
you are opening up for ventilation is perfused, because we see 
many tumors at operation in which the arterial supply or the 
venous supply is interrupted. How do you select lesions and 
know that you are reventilating an area that has functional lung 
tissue in those peripheral lesions? 
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DR MILLER: | will answer your question as best I can. It is en 
objective assessment based predominantly on endoscopic obser- 
vation. We have not obtained ventilation/perfusion lung scans for 
endobronchial brachytherapy in a patient with an isolated lobar 
lesion, for example, which is predominantly where these scans 
have been used. At initial therapy, we base the opening up cn 
chest roentgenographic reassessment after therapy and also cn 
endoscopic observation. We really have not done anything to 
check perfusion of that area by ventilation/perfusion scans either 
before or after therapy. 


DR KAMAL A. MANSOUR (Atlanta, GA): I compliment my 
colleague and associate, Dr Miller, for taking on himself such an 
ethical dilemma as the care of morbid cancer patients for whom 
the goal of therapy is short-term palliation and not cure. I have, 
however, a word of caution regarding primary malignant lesions 
of the lower trachea, the main bronchi, and the lobar bronchi. For 
these, bronchoplastic procedures and sleeve resections offer far 
more superior results than laser and intraluminal brachytherapy. 

I have two questions. First, what do you do for lesions totally 
obstructing and extrinsically occluding or compressing the air- 
way? Second, for primary tumors of the trachea or main bronchi, 
do you consider reevaluating these patients for possible surgical 
intervention or does your therapy preclude any further operative 
intervention? 


DR MILLER: First of all, whenever surgical intervention is 
appropriate, we try to be aggressive and, as Dr Mansour knows, 
to resect anything if at all possible. All of these patients are 
considered to have essentially inoperable or gross anatomical 
disease. If there is a lesion obstructing the trachea or main 
bronchi in the distal third of the trachea, the airway is generally 
opened up with the Nd:YAG laser followed by gross bulk 
removal, which really is accomplished fairly easily though it is 
necessary to be very careful. A very good anesthesiologist is a 
must. 

Second, endobronchial brachytherapy does not preclude com- 
ing back and doing a sleeve resection or a resection in the trachea, 
because you are delivering only a total of 30 Gy (3,000 rads) in the 
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three treatments the patient is given. Endobronchial brachyther- 
apy would not preclude resection if after adjunctive chemother- 
apy, for example, or reduction chemotherapy, you wanted to do 
it. Nor would laser therapy. 


DR DAVID H. HARPOLE (Roanoke VA): My question is 
whether you are using the open-beam Nd:YAG laser or the 
contact probe? We have been using the open beam for some time, 
and I congratulate you on getting these patients primarily. The 
patients we usually see are the ones in whom radiation therapy 
has failed, and laser therapy is not as easy a jab at that stage. 
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` DR MILLER: We have used the open-beam laser. Part of the 


reason we see so many of these patients is that almost all of the 
people in our institution are geared toward considering brachy- 
therapy or ‘aser therapy. Hence, after the patients have seen the 
pulmonologists and after they have been deemed unsuitable 
candidates for operation after surgical evaluation, these patients 
generally aze referred for one of these two types of therapy, if 
applicable. 1 emphasize that this group is a small percentage of 
the total number of patients seen. Even though it is a very select 
group, it rapresents only a very small percentage of the patients 
with bronchogenic carcinoma. 


Notice From the American Board of Thoracic Surgery 


The part 1 (written) examination will be held at the Hyatt- 
Regency, Dallas Fort Worth Airport, Dallas TX, on February 
16, 1992. The closing date for registration is August 1, 1991. 

To be admissible for the part II (oral) examination, a 
candidate must have successfully completed the part I 
(written) examination. 


A cand.date applying for admission to the certifying 
examination must fulfill all the requirements of the board 
in force af the time the application is received. 

Please address all communications to the American 
Board of Thoracic Surgery, One Rotary Center, Suite 803, 
Evanston, IL 60201. 
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` Between June 1972 and August 1989, we operated on 45 
patients with fixed subaortic stenosis. Discrete membra- 
nous stenosis was present in 28 patients and tunnel 
stenosis, in 13. Four patients had subvalvar stenosis 
complicating double-outlet right ventricle. There were 33 
male and 12 female patients. Mean age at operation was 
7.1 + 4.3 years (range, 6 months to 21 years). Local 
resection of the fibrous membrane was performed in 26 
patients. Local resection was combined with myectomy 
in 18 patients. Aortoventriculoplasty (modified Konno 
procedure) was required at operation in 3 patients. There 
were three perioperative deaths at initial operation and 
two deaths at the time of reoperation. Follow-up ranges 
from 1 month to 17 years (average follow-up, 47.0 


ocalized resection for fixed subvalvar aortic stenosis 
has been the accepted surgical approach for many 
years. Resection of a discrete fibrous membrane alone or 
in combination with septal myectomy for diffuse “tunnel” 
stenosis has led to acceptable early results [1-7]. Although 
correction of subvalvar aortic stenosis may have been 
considered by many a curative procedure, several series 
have documented high rates of recurrence [6, 8-15]. The 
number of reoperations we have performed on patients 
with recurrent subaortic stenosis stimulated us to review 
our experience with these lesions at Vanderbilt University 
over the past 17 years. 


Material and Methods 


The records of all patients undergoing operation for 
subvalvar aortic stenosis at Vanderbilt University Hospital 
from June 1972 through August 1989 were reviewed. 
Specific data collected included date of birth, date of 
operation, sex, associated cardiac anomalies, previous 
operations, and results of catheterization and echocardio- 
graphic examinations. Lesions were classified as discrete 
membranous or diffuse tunnel stenosis based on surgical 
observation. Details of the operative procedure as well as 
deaths and complications were recorded. Follow-up data 
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months). Reoperation for recurrent obstruction has been 
required in 12 patients (27%), and 3 patients have re- 
quired a second reoperation. Mild to moderate aortic 
regurgitation was present in 17 patients. Subaortic ste- 
nosis is a spectrum of anatomical derangements ranging 
from a discrete fibrous membrane to a long, tortuous 
fibrous tunnel with aortic annulus hypoplasia. Success- 
ful removal of a discrete fibrous membrane can be 
followed later by recurrent stenosis necessitating myec- 
tomy or aortoventriculoplasty. Correction of subvalvar 
aortic stenosis can be followed by recurrent stenosis 
necessitating reoperation as long as 17 years after the 
initial procedure. 

(Ann Thorac Surg 1990;50:197-203) 


were collected by examination and questionnaires com- 
pleted by referring physicians. 

Echocardiograms and catheterization studies were re- 
viewed for the left ventricular—aortic gradient as well as 
the presence and severity of aortic or mitral regurgitation. 
Associated cardiac anomalies were documented. Patients 
were offered operation if aortic regurgitation or left ven- 
tricular dysfunction accompanied subvalvar stenosis, if 
the left ventricular-aortic gradient was progressive or 
severe, or if symptoms of dyspnea, fatigue, chest pain, or 
syncope developed with a moderate gradient. Indications 
for operation and reoperation were similar. 


Operative Techniques 


Subaortic obstruction was resected using cardiopulmo- 
nary bypass with moderate hypothermia and 4°C hyper- 
kalemic crystalloid cardioplegia. Two patients were oper- 
ated on in 1972 before the routine use of cardioplegic 
solution, and 2 additional patients underwent repair 
using hypothermia and circulatory arrest. Membranous 
lesions were removed from the left ventricular outflow 
tract (LVOT) using sharp excision. The muscular or fi- 
brous component of tunnel stenosis was treated with 
myectomy or myotomy. Great care was taken to avoid 
damage to the mitral valve apparatus and the conduction 
system. When present, diffuse LVOT stenosis with aortic 
annulus hypoplasia was treated with a Rastan-Konno 
procedure with aortic valve replacement (13, 16]. Associ- 
ated lesions were repaired as indicated. 
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Table 1. Associated Congenital Cardiac Anomalies 


No. of 


Anomaly Patients? 


‘oO 


Ventricular septal defect 

Coarctation 

Valvar aortic stenosis 
Bicuspid aortic valve 

Mitral stenosis 

Supravalvar aortic stenosis 

DORV 

PDA 

Incomplete AV septal defect 

TGA 

Infundibular pulmonary stenosis 
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a Of 28 patients with multiple lesions, 16 had more than one associated 
cardiac abnormality. 


AV = atrioventricular; 
PDA = patent ductus arteriosus; 
arteries. 


DORV = double-outlet right ventricle; 
TGA = transposition of the great 


Statistical Analysis 

Survival data were analyzed using the Kaplan-Meier 
method and are presented as actuarial survival with 70% 
confidence limits (CL). Perioperative deaths were defined 
as deaths within 30 days of operation and are included in 
all survival statistics. Cumulative hazard function for 
death and reoperation was determined (BMDP Statistical 
Software, Inc). Actuarial incidence of reoperation is pre- 
sented as percent surviving without reoperation. Left 
ventricular outflow gradients as determined by catheter- 
ization and echocardiography are treated interchange- 
ably. Data are presented as the mean + the standard 
deviation. 


Results 


Forty-five patients underwent 60 operations for fixed 
subvalvar aortic stenosis from June 1972 through August 
1989 at Vanderbilt University Hospital. There were 33 
male and 12 female patients. Mean age at operation was 
7.1 + 4.3 years (range, 6 months to 21 years). Isolated 
subvalvar aortic stenosis was present in 17 patients, and 
28 had associated cardiac anomalies (Table 1). Twelve 
patients had had 17 previous operations for associated 
congenital cardiac anomalies. Four patients had had more 
than one previous operation. Associated cardiac anoma- 
lies repaired at previous operations are listed in Table 2. 
` Discrete membranous subaortic stenosis was encoun- 
tered in 28 patients (62%), and diffuse narrowing of the 
ventricular outflow tract, tunnel stenosis, was found in 17 
(38%), 4 of whom had double-outlet right ventricle 
(DORV). Resection of a discrete fibrous membrane was 
performed at initial operation in 26 of the 28 patients with 
discrete subvalvar stenosis. Two patients had limited 
septal myectomy in addition to resection of the discrete 
shelf. Of the 13 patients with tunnel stenosis, 12 had local 
resection of fibromuscular tissue combined with myec- 
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Table 2. Associated Cardiac Anomalies Repaired at Previous 
Operation 
No. of 


Anomaly Patients* 


VSD 4 
Pulmonary artery band 

Coarctation 

Valvar aortic stenosis 

Supravalvar aortic stenosis 

Mitral stenosis 

PDA 

Incomplete AV septal defect 


FPNN FP NN ND 


* There were 17 previous operations for associated lesions in 12 patients. 
Four patients had had more than one previous operation. 

AV = atrioventricular; 
ventricular septal defect. 


PDA = patent ductus arteriosus; VSD = 


tomy. Two patients with associated incomplete form of 
atrioventricular septal defect had concomitant mitral valve 
replacement to eliminate LVOT obstruction. Aortoventric- 
uloplasty was performed as a primary procedure in 1 
patient who had diffuse tunnel stenosis, valvar aortic 
stenosis with annulus hypoplasia, and supravalvar aortic 
stenosis. 

Fourteen patients had associated lesions repaired at 
operation for subvalvar aortic stenosis; 4 of them had 
more than one lesion repaired concomitantly (Table 3). 


Reoperation 

Reoperation was required for recurrent subvalvar aortic 
stenosis in 12 patients (12/45, 27%), including the 4 with 
DORV. Five patients (5/28, 18%) initially seen with a 
discrete membranous stenosis and 3 patients (3/13, 23%) 
seen initially with diffuse narrowing of the subvalvar area 
had recurrent obstruction necessitating reoperation. Two 


Table 3. Operations Performed Concurrently With Repair of 
Subaortic Stenosis 


No. of 


Operation Patients* 


a 


VSD repair 
Aortic valvotomy 
Coarctation repair 
Ligation of PDA 
Aortic valve replacement 
Konno 
Repair of supravalvar aortic stenosis 
Mitral valve replacement 
Mitral valvotomy 
Resection of infundibular pulmonary stenosis 


BP RPNNR RPP eb 


a Fourteen patients had associated lesions repaired at operation for sub- 
valvar aortic stenosis. Four patients had more than one associated lesion 
repaired. 


PDA = patent ductus arteriosus; VSD = ventricular septal defect. 


aN 
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Table 4. Reoperations 


No. of 
Disease Process Patients* Type of Reoperation 
First reoperation 
Discrete stenosis 5 Reexcision of membrane, 2”; 
excision and myectomy, 3 
Tunnel stenosis 3 Modified Konno, 2; AVR, 
Manouguian, myectomy, 
1 
DORV 4 Septal myectomy, 3; patch 
revision and membrane 
excision, 1* 
Second reoperation 
Discrete stenosis Excision and myectomy, 2 
DORV 1 Septal myectomy, 1 


* There were 15 reoperations in 12 patients. 


AVR = aortic valve replacement; DORY = double-outlet right ventri- 
cle; | * = second reoperation necessary. 


of the 3 patients with tunnel stenosis required aortoven- 
triculoplasty at reoperation to relieve multilevel LVOT 
obstruction. The other patient, who had refused earlier 
reoperation, required enlargement of the LVOT using a 
Rittenhouse-Manouguian patch [17, 18], aortic valve re- 
placement, and septal myectomy. 

Three patients (3/12, 25%) required a second reopera- 
tion. One patient who had had patch revision and mem- 
brane excision for subvalvar stenosis after repair of DORV 
required reoperation with septal myectomy to relieve 
diffuse subvalvar stenosis. The other 2 patients were seen 
initially with a discrete membranous stenosis and had had 
simple membrane excision at first operation. Recurrent 
stenosis developed that was treated by reexcision of a 
discrete shelf. In both, a second, more diffuse fibromus- 


cular stenosis developed, necessitating septal myectomy , 


16 and 17 years after the initial operation. Details of 
reoperations are presented in Table 4. 

Age at initial operation for the patients with recurrence 
(6.3 + 3.3 years) does not differ significantly from that of 
the group as a whole (7.1 + 4.3 years) or those in whom 
restenosis did not develop (7.5 + 4.5 years). 

Risk of need for reoperation increased with time post- 
operatively (Fig 1). Eighty-five percent of patients (CL, 
93% to 77%) are free from reoperation at 5 years, 36% (CL, 
51% to 21%) at 10 years, and 24% (CL, 38% to 10%) at 15 
years. Cumulative hazard function for reoperation is 
presented in Figure 2 and demonstrates an increased 
cumulative risk with time postoperatively. 


Survival Data 

Three patients died perioperatively after initial operation 
for subvalvar aortic stenosis (6.7% mortality rate). One 
patient had a stenotic membrane at the orifice of the left 
coronary artery and died of left ventricular failure in the 
first postoperative day. Another patient with valvar and 
subvalvar aortic stenosis and DORV had had previous 
closure of an outlet ventricular septal defect and died 3 
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Fig 1. Actuarial incidence of freedom from reoperation after initial 
operation for subvalvar aortic stenosis. Data are presented with 70% 
confidence limits. 


years later at the time of repair of subvalvar aortic steno- 
sis. At postmortem examination, the patient was found to 
have supravalvar mitral stenosis. One patient had diffuse 
tunnel stenosis in addition to valvar and supravalvar 
stenosis, and died of low cardiac output 1 day after a 
modified Konno operation. Perioperative mortality data 
are presented in Table 5. 

There were 2 perioperative deaths (2/15, 13%) at the — 
time of reoperation. One patient died after aortoventric- 
uloplasty 13 months after the initial operation at another 
institution. Two previous procedures were mitral and 
aortic valvotomies with resection of subaortic membrane 
and supraannular mitral valve replacement. At postmor- 
tem examination, there was pannus ingrowth into the 
mitral prosthesis with entrapment of the posterior leaflet, 
which led to mitral stenosis. The other postoperative 
death at reoperation occurred in a poorly compliant pa- 
tient who refused reoperation after an episode of aortic 
endocarditis and was seen for reoperation 17 years after 
the initial procedure with severe biventricular failure. 
Excision of recurrent membrane and septal myectomy as 
well as aortic valve replacement with annulus enlarge- 
ment was performed. The patient experienced ventricular 
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Fig 2. Cumulative hazard function for reoperation. Data are pre- 
sented with 70% confidence limits. 
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Table 5. Perioperative Mortality" 





No. of 
Diagnosis/Operation Patients 
Initial Operation 
Discrete 28 
Membrane excision 26 
Excision + myectomy 2 
Tunnel ` 13 
Excision + myectomy 12 
Konno 1 
DORV 
Total l 45 
Reoperation 
Discrete 7 
Reexcision 2 
Reexcision + myectomy 5 
Tunnel 3 
Konno 2 
Manouguian 1 
DORV 5 
Myectomy 5 
Total 


Toes 
Oo 


* Numbers in parentheses are percentages. 
DORV = double-outlet right ventricle. 
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Fig 3, Actuarial survival, including hospital mortatity, of patients 
operated on for fixed subvalvar gortic stenosis. Data are presented 


with 70% confidence limits. 


Table 6. Left Ventricular—Aortic Gradient" 
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Fig 4. Cumulative hazard function for death. Data are presented with 
70% confidence limits: 


fibrillation postoperatively, and the heart could not be 
defibrillated. 

Actuarial survival is 93% (CL, 97 to 89) at 1 year and 
84% (CL, 91 to 77) at 5, 10, and 15 years (Fig 3). Follow-up 
beyond 203 months exceeds the 95% CL for median 
survival and assumes no significance. Follow-up ranges 
from 2 months to 17 years (average follow-up, 47.0 
months). Cumulative hazard function for death is pre- 
sented in Figure 4, and remains stable during the follow- 
up to 203 months. 


Hemodynamic Results 

Data regarding the left ventricular—aortic gradient were 
available for 43 patients preoperatively, 39 patients within 
the first month postoperatively, and 26 patients late 
postoperatively. For the group, left ventricular outflow 
gradient decreased from a mean value of 79 + 31 mm Hg 
preoperatively to 22 + 23 mm Hg immediately postoper- 
_atively (Table 6). Patients with tunnel stenosis had a mean 
gradient of 82 + 36 mm Hg preoperatively compared with 
95 + 24 mm Hg for those with subvalvar stenosis compli- 
cating DORV and 75 + 30 mm Hg for those with discrete 
stenosis. Although satisfactory relief of LVOT obstruction 
has been achieved in most patients late postoperatively, 
there are 4 patients with gradients in excess of 30 mm Hg. 
Three patients with discrete stenosis have residual gradi- 
ents of 44, 57, and 58 mm Hg. One patient who had a 





Preoperative Early Postoperative Late 
No. of No. of No. of 
Patient Group Patients Gradient Patients Gradient Patients Gradient 
All 43 73 +31 39 22 + 23 26 17 +17 
Discrete 27 73 + 30 26 19 + 21 17 19 + 19 
Tunnel 12 82 + 36 11 30 + 28 7 12 + 12 
DORV 4 95 + 24 


2 50 + 42 2 28 + 11 


a Gradient data are shown as the mean + the standard deviation in millimeters of mercury. 


DORV = double-outlet right ventricle. 
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gradient of 120 mm Hg and DORV had a residual gradient 
of 80 mm Hg after resection and patch revision, and now 
has a 36 mm Hg gradient after reoperation. 

Aortic regurgitation was evaluated preoperatively and 
postoperatively in all patients. Fourteen patients had mild 
aortic regurgitation preoperatively and 3, moderate aortic 
regurgitation. Regurgitation resolved after operation in 3 
patients, in 1 of whom it was moderate preoperatively. 
Aortic regurgitation progressed from mild to moderate 
early postoperatively in 2 patients. New mild aortic regur- 
gitation developed postoperatively in only 1 patient. With 
late follow-up, regurgitation progressed from mild to 
moderate in 2 patients, 1 of whom was treated for 
endocarditis. There was no trend for aortic regurgitation 
to increase perioperatively, nor did it appear to increase 
during the period of follow-up in the absence of en- 
docarditis. 

Arrhythmias were seen in 4 patients. Two patients 
required pacemaker insertion for late postoperative heart 
block. Transient junctional ectopic tachycardia was ob- 
served in 1 patient, and another patient had persistent 
premature ventricular complexes postoperatively. 


Comment 


Results of surgical treatment of fixed subvalvar aortic 
stenosis over the past 29 years indicate that most patients 
show improvement after localized resection and are long- 
term survivors [1-15, 19, 20]. As follow-up increases, 
however, there is evidence that recurrent stenosis be- 
comes a real threat to survival. 

In our series, the need for reoperation increased with 
time postoperatively (see Figs 1, 2). Both patients with 
discrete stenosis and patients with tunnel stenosis are at 
risk. Isolated discrete subvalvar aortic stenosis is not 
observed in neonates. A strong case can be made, there- 
fore, that this is an acquired condition [15]. Its pathogen- 
esis possibly is related to an abnormality in the contrac- 
tion pattern of the left ventricle, creating turbulence in the 
LVOT, or to an abnormality in the relationship of the 
subaortic LVOT to the mitral valve. We hypothesize that 
the cause of recurrent stenosis is related to scar formation 
in the subvalvar area as it heals, thus fixing the size of the 
LVOT. With growth, a fixed outflow tract results in 
recurrent stenosis in the absence of further narrowing. 
The development of localized hypertrophy and fibrosis 
can result in fibromuscular recurrence even though the 
initial lesion was a discrete membrane. Limited myectomy 
is performed in addition to local resection of the discrete 
membrane if the LVOT remains narrowed after mem- 
brane excision, in the hope of preventing or at least 
delaying the onset of recurrent stenosis. More liberal use 
of aortoventriculoplasty for patients with severe tunnel or 
multilevel aortic stenosis might improve recurrence rates 
in these patients. 

Fixed subvalvar aortic stenosis is frequently associated 
with other congenital cardiac anomalies that require sep- 
arate or simultaneous correction. Aortic regurgitation 
tends to remain mild to moderate if present preopera- 
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tively, and it worsens substantially postoperatively if 
endocarditis or recurrent stenosis develops. 

Given the possibility of recurrent subvalvar aortic ste- 
nosis, we recommend diligent postoperative follow-up 
with surveillance echocardiography. Recently, other au- 
thors [20] recommended early operation for patients with 
fixed subvalvar aortic stenosis. On the basis of our data, 
we recommend operation (and reoperation) if aortic re- 
gurgitation or left ventricular dysfunction is present, ifthe _ 
left ventricular—aortic gradient is progressing or severe, or 
if there are symptoms of dyspnea, fatigue, chest pain, or 
syncope in the presence of a moderate gradient. Late 
mortality after a successful initial operation in our series 
was not associated with progressive aortic regurgitation 
or endocarditis, but was related to the need for and 
performance of reoperation. 


We acknowledge the assistance of John A. Carey, FRCS(I), with 
manuscript preparation and statistical analysis. 
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DISCUSSION 


DR ROBERT M. SADE (Charleston, SC): Dr Stewart, do I 
interpret your actuarial curves correctly as depicting that recur- 
rence wil} eventually develop in virtually all patients? If that is the 
case, what is the level of statistical confidence that this observa- 
tion is true? 


DR ROBERT A. GUSTAFSON (Morgantown, WV): I enjoyed 
your presentation very much. I have several questions. Can you 
better define your original indication for primary operation, ie, 
are you operating on a particular gradient or are you waiting until 
there is some aortic insufficiency? Would you operate on a 
3-year-old patient with a gradient of 25 mm Hg and no aortic 
insufficiency? What are your criteria for deciding when to reop- 
erate? Can you say from your data if we should perform a 
myectomy at the initial operation for a discrete isolated subaortic 
membrane? 


DR DAVID R. CLARKE (Denver, CO): I enjoyed your paper 
very much, Dr Stewart. I have a comment and two questions for 
you. A number of years ago, my colleagues and I reviewed a 
series of patients with discrete subvalvar aortic stenosis who had 
a myectomy at the initial procedure. The recurrence rate in this 
group was 20%, which is somewhat less than the incidence you 
presented. In those patients who did have recurrence, if they 
underwent another direct resection, the re-recurrence rate within 
5 years was approximately 80%. 

Now for my questions. First, in your series, was the perfor- 
mance of a myectomy at the original operation in any way related 
to the risk of recurrence? Second, did you attempt to use 
B-blocker therapy in any patient to prevent recurrence? In our 
experience, such therapy is frequently effective in reducing the 
immediate postoperative gradient, but it does not prevent recur- 
rence in the long term. 


DR MILTON V. DAVIS (Kaufman, TX): I have just one ques- 
tion. Is it correct that there was no heart block in your series? 


DR SADE: | have one more comment to add. There are more 
risks than the risk of recurrence after operation for these patients. 
They are at risk for the development of aortic insufficiency, and 
they are at risk for the development of infective endocarditis; not 
operating may carry a higher risk than operating. My concern is 
whether your criteria for operation are too stringent; perhaps we 
should be operating on these children earlier than you are 
suggesting. 

In subvalvar aortic stenosis, the incidence of aortic insuffi- 
ciency is higher in older patients, ie, there may be progression of 
aortic insufficiency in patients who do not undergo operation. 
Within 10 years after operation, new aortic insufficiency may 
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appear in 15% of these patients. Aortic insufficiency is not related 
to the severity of the LVOT gradient. 

The incidence of endocarditis is 12% to 25% in these patients 
who do rot have surgical intervention. That is fully ten times 
greater than any other congenital heart malformation. Infective 
endocarditis is associated with aortic insufficiency, which devel- 
ops in pacients who do not have operation, as well as the 
presence cf a high gradient. It is rare after operation if a low 
gradient is achieved and there are no residual anatomical lesions. 

When my colleagues and I reviewed our series recently, we 
concluded based on observations from our own series and from 
pertinent literature, that although there are no clear answers to 
the question of when subaortic stenosis should be resected, the 
weight of the evidence suggests that it is reasonable for a patient 
with subaortic stenosis to undergo operation at the time the 
diagnosis is made rather than wait for specific and arbitrary 
indications, as described in this presentation. 


DR STEWART: Dr Sade, I am very confident that there is a 
significant recurrence rate in patients with discrete subvalvar 
aortic stenosis. The data are presented here with one standard 
deviation, and I think they are very solid out to 203 months. 
There is no question that there is a high risk of recurrence over a 
period of about 15 years in patients with discrete stenosis, and I 
think we have hypothesized as to how that develops. 

Dr Gustafson, concerning operative indications, the age of the 
patients we operated on is much younger than in most series. 
The average age in our series was only 7 years, and this includes 
the adults. In the past we have had relatively liberal operative 
criteria. 4 gradient greater than 50 mm Hg or symptoms, 
progressive hypertrophy, evidence of left ventricular dysfunc- 
tion, or regurgitation led us to operate. Even with this liberal 
policy, we have seen a large number of recurrences. Perhaps the 
younger tne patients at the time of operation, the more recur- 
rences we are going to see, because we are fixing the size of the 
aortic outflow at the time of initial resection. 

When <o we reoperate? Our reoperative indications are very 
similar to Dur operative indications. If the patient has a progres- 
sive or severe gradient, again with aortic regurgitation or left 
ventricular dysfunction, we reoperate. 

Should we do a myectomy on all patients with discrete 
membranous stenosis? I think if the membrane has been excised 
and the LVOT looks absolutely normal, it is a little dangerous to 
do something that may not be indicated. The patient may be 1 of 
those 25% of patients who is going to make it to 15 or 20 years 
and not meed reoperation. However, we do add a myectomy 
whenever there is some evidence of narrowing of the outflow 
tract after we have completely excised the membrane. 

Dr Clarxe, in our series, the performance of myectomy at initial 
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operation was not a risk factor for recurrence. Supposing, how- 
ever, that myectomy is performed more commonly in patients 
with tunnel or multilevel LVOT stenosis, it would appear to 
make sense that residual stenosis as well as recurrence would be 
a problem and lead to a large number of reoperations. 

As far as 6-blockers are concerned, I think that they are very 
helpful for patients who have a dynamic stenosis in the LVOT, 
and by giving @-blockers, you can diminish the contractility and 
therefore the gradient. However, we believe the size of the 
outflow tract becomes fixed after resection and will not be 
affected by the use of f-blockers. 


REVIEW OF RECENT BOOKS 


Transplant—A Heart Surgeon’s Account of the Life-and-Death 
Dramas of the New Medicine 

By William H. Frist, MD 

New York, Atlantic Monthly Press, 1989 

267 pp, $18.95 


Reviewed by Benson B. Roe, MD 


This lucid and informative narrative addresses a fascinating 


subject that has evoked massive publicity and consequent public. 


interest. The reader is treated to an easy-to-read authoritative 
overview of transplantation history and ongoing development 
through the eyes of a young, vigorous, and thoughtful surgeon 
as he faces the challenges of starting a new program. 

The young Dr Frist has a storybook background from which he 
projects a flavor of how things “should be.” His father is a 
conscientious, “straight arrow,” successful, and beloved physi- 
cian-turned corporate executive. The author obtained his medical 
education and residency training in leading institutions and 
topped off this superb grounding with an apprenticeship under 
Norman Shumway at Stanford’s pioneering and world-leading 
center of heart transplantation. l 

Doctor Frist avoids aggrandizing his important accomplish- 
ments and successfully evokes empathy as he provides the 
reader with a vivid feeling of the drama, the stress, the problems, 
the frustrations, and the disappointments of his work on the 
cutting edge of medical science. He carries the reader through the 
complex logistics and mechanics of procuring the donor heart 
with their attendant impact on both the involved individuals and 
their families. He weaves fascination into his role of orchestrating 
the psychological impact of the transplantation drama on both 
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Dr Davis, we had 1 patient with heart block and 1 patient with 
difficult atrial arrhythmias postoperatively who required pace- 
maker insertion for management. These are the only 2 patients in 
whom a pacemaker was necessary. 

As far as aortic regurgitation is concerned, Dr Sade, I know 
about your data, but in our series, aortic regurgitation did not 
increase with time postoperatively. We will stick by our guns and 
operate on the patients for the indications that we have stated. 
Although we did have 1 patient in whom endocarditis developed 
postoperatively, risk of death in our patients was clearly associ- 
ated with reoperation. 


donor and recipient, as well as on the personnel of the transplant 
team. 

It is difficult for me to examine the scenario dispassionately 
because it contains so much deja vu for the treacherous mean- 
dering in the formative years of open heart surgery—the risks, 
the dilemmas, the uncertainties, the disappointments—and the 
great satisfactions of making it work to deliver a life-sustaining 
service. Although Dr Frist provides the reader with some sense of 
the personal risk involved in his endeavor, he understates the 
potentially disastrous consequences to his career if his key 
decisions turn out to be wrong and his early results are less than 
expected. Perhaps this omission was deliberate or perhaps it 
derived from the confidence of his excellent preparation. He did, 
however, convey a strong sense of the collegiality in our profes- 
sion that freely shares experience and advice when it comes to 
coping with a new problem or deciding about trying something 
that has never been done before. 

Doctor Frist has achieved the rare and difficult objective of a 
book that is just as readable (and valuable) to the aspiring young 
cardiac surgeon as it is to the layman (and the other members of 
his profession who are laymen to transplantation). 

Evaluating and recommending such a book from each of those 
viewpoints is difficult. Obviously it is not intended to be a 
professional text, yet I would commend it to my cardiac surgical 
colleagues for its insight and perspective. Nor does it pretend to 
be a fictional narrative as it names names and relates true 
experiences, yet it reads with suspense and compelling interest. 
Although it is not great literature or exciting drama, it is none- 
theless both interesting and enjoyable. J recommend it to the full 
spectrum of readers. 


San Francisco, California 


Oxygen Free Radical Scavengers Decrease 


Reperfusion Injury in Lung Transplantation 
Frank C. Detterbeck, MD, Blair A. Keagy, MD, Douglas E. Paull, MD, 


and Benson R. Wilcox, MD 


Division of Cardiothoracic Surgery, University of North Carolina School of Medicine, Chapel Hill, North Carolina 


An in vivo canine model was used to assess the ability of 
an oxygen free radical scavenger to decrease reperfusion 
injury in lung transplantation. In 12 dogs, the left lungs 
were transplanted after they had been preserved for 24 
hours at 4°C after pulmonary artery flushing with modi- 
fied Eurocollins solution. In 6 dogs, dimethylthiourea, a 
potent oxygen free radical scavenger, was added to the 
flush solution and was also given to the recipients just 
before reperfusion. In all animals, the contralateral pul- 
monary artery and bronchus were ligated and lung func- 
tion was assessed for 12 hours or until death. Three dogs 
died prematurely in the control group, whereas only 1 


Ithough lung transplantation is performed success- 
fully at a number of centers around the world, the 
inability to preserve lungs safely for more than 4 to 6 
hours represents a major impediment to more widespread 
applicability. Prolonged preservation results in a reim- 
plantation response characterized by increased pulmo- 
nary capillary permeability, pulmonary edema, and res- 
piratory failure [1]. This response appears to be due to 
cellular injury occurring not only during ischemic preser- 
vation but also during reperfusion after transplantation 
[2, 3]. 
Evidence is accumulating that reperfusion injury in 
many organ systems is mediated by oxygen free radicals. 
Ischemia sets the stage by alteration of metabolic path- 


ways so that a large burst of toxic oxygen free radical . 


formation occurs once oxygen is restored to the tissue. 
Thus, organ transplantation is a classic setting for oxygen 
free radical injury, and evidence is emerging that this 
injury plays a role in heart and kidney transplantation [4, 
5]. In vitro experiments with isolated, perfused lungs 
have shown improved function and less edema formation 
with the addition of a variety of oxygen free radical 
scavengers during reperfusion [2, 3, 6-8]. Some in vivo 
data on the effect of oxygen free radical scavengers on 
lung function have recently appeared with similar results 
[9-11]. 

We have developed a canine model of single-lung 
transplantation after 24 hours of hypothermic storage. 
This model uses an initial pulmonary artery flush at the 
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dog died prematurely in the dimethylthiourea group. 
This resulted in a statistically significant difference in the 
average length of survival (p < 0.05). Pulmonary artery 
and right atrial pressures were significantly lower in the 
dimethylthiourea group during the first 6 hours (p < 
0.05). Treatment with dimethylthiourea resulted in a 
significan-ly higher arterial oxygen tension at 4 hours, 
and intrapulmonary shunt tended to be lower. Thus, it 
would appear that dimethylthiourea has a protective 
effect on Fungs preserved for 24 hours before transplan- 
tation in dogs. 

(Ann Thorac Surg 1990;50:204-10) 


time of karvest, consistent with the method of lung 
preservation in most common clinical use in this country. 
One hour after transplantation the contralateral pulmo- 
nary arter~ is ligated, forcing the dog to survive solely on 
the 24-ho.r-preserved, transplanted lung while measure- 
ments are taken for the next 12 hours. Using this model, 
we set oat to study the effect of dimethylthiourea 
(DMTU), a potent oxygen free radical scavenger, on in 
vivo lung function after preservation and reperfusion. 
Dimethyltniourea was chosen because of its long half-life, 
minimal toxicity in an in vivo setting, and potency as an 
oxygen free radical scavenger [12]. 


Material and Methods 


Harvest 

Twelve heartworm-negative mongrel dogs weighing 20 to 
25 kg wer2 anesthetized intravenously with 30 mg/kg of 
pentobarb.tal, intubated, and ventilated with room air. 
Through a left thoracotomy, both pulmonary arteries, 
main bronchi, and the left pulmonary veins were isolated. 
After intrevenous administration of 5,000 U of heparin, 
cannulas were introduced into the left atrium and main 
pulmonar” artery. Earlier experiments in our laboratory 
(unpublisked) had shown that this did not affect pulmo- 
nary blooc flow. The right pulmonary artery was ligated, 
and 1 mg of prostaglandin E, in 50 mL of normal saline 
solution was infused into the left pulmonary artery over 3 
to 4 minutes. The infusion rate was adjusted as necessary 
to ensure that systemic hypotension did not occur. There- 
after, blocd inflow to the main pulmonary artery was 
occluded, the left atrial cannula was opened to gravity 
drainage, and pulmonary artery flushing was begun. 
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Flushing 

A flush solution was mixed consisting of 1 L of Eurocollins 
solution at 4°C to which 4 mmol/L (8 mEq) of magnesium 
sulfate, 5,000 U of heparin, and 1 g of cephazolin were 
added. The left lung was perfused with 800 mL of this 
solution through a roller pump over an average of 4 
minutes, during which the pulmonary artery pressure 
was kept less than 20 mm Hg and the lung was ventilated 
with room air. The left pulmonary artery and veins were 
clamped, and the left lung was excised with a cuff of left 
atrium and weighed. The lung was inflated with 100% N, 
at a pressure of 25 to 30 cm H,O [8]. The bronchus was 
then clamped, and the lung was submerged in Eurocollins 
solution and stored at 4°C for 24 hours. The time between 
the onset of flushing and submersion of the lung, which 
averaged 12 minutes, was called the harvest time. 


Recipient Preparation 


Twelve recipient dogs, matched to within 2 kg of each 
respective donor, were anesthetized intravenously with 
30 mg/kg of pentobarbital and intubated. The recipients 
were ventilated with 60% O, and a tidal volume of 400 
mL, which was decreased to 200 mL when the right main 
bronchus was occluded. A Swan-Ganz catheter intro- 
duced into the right femoral vein was positioned in the 
main pulmonary artery, and aortic pressure was moni- 
tored with a catheter introduced through the femoral 
artery. A Millar pressure transducer was introduced into 
the left atrium, and an electromagnetic flow probe was 
placed around the left pulmonary artery. The right pul- 
monary artery and main bronchus were occluded with 
tourniquets for 5 minutes, baseline measurements were 
taken, and the tourniquets were released. The recipient 
was then given 2,000 U of heparin intravenously, and a 
left pneumonectomy was performed. 


Transplantation 


The 24-hour-preserved lung was allowed to deflate and 
then was weighed and wrapped with sponges soaked in 
iced saline solution. During transplantation, iced saline 
solution was continually dripped onto the lung. A left 
atrial anastomosis was performed with 5-0 Prolene suture 
(Ethicon, Somerville, NJ), air was evacuated, and all 
venous clamps were removed. The beveled pulmonary 
artery ends were then anastomosed with running 6-0 
Prolene sutures, air was evacuated, and the vessel was 
unclamped. Finally, the bronchial ends were approxi- 
mated with running 4-0 Prolene. The time between re- 
moval of the lung from the cold solution and restoration 
of blood flow to the lung was defined as transplantation 
time. The harvest time plus the transplantation time was 
defined as warm ischemic time. 


Experimental Groups 


The control group consisted of 6 dogs that had lung 
transplantations performed exactly as described. The 
DMTU group consisted of another 6 dogs that underwent 
lung transplantation, also performed exactly as described 
above except that DMTU was added to the flush solution 
at the time of lung harvest in a concentration of 50 mmol/L 
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and an intravenous infusion of 1 g/kg of DMTU in 50 mL 
of normal saline solution was given to the recipient over 1 
hour, timed so the infusion was complete by the time the 
pulmonary artery was unclamped after transplantation. 
Control and DMTU experiments were done in an alter- 
nating fashion to avoid any bias owing to experience. 


Measurements 


After left lung transplantation, a 1-hour stabilization pe- 
riod for both lungs was allowed. The right pulmonazy 
artery and right main bronchus were then ligated, forcing 
the animal to survive solely on the preserved, trans- 
planted lung. After 5 minutes, aortic and pulmonary 
arterial blood gas samples were drawn and pressures 
were recorded in the right and left atria, the pulmonary 
artery, aorta, and distal trachea. Cardiac output was 
obtained by an electromagnetic flow probe on the left 
pulmonary artery. An estimation of extravascular lung 
water was obtained by the thermal-thermal method using 
an Edwards Lung Water Computer (American Edwards 
Laboratories, Irvine, CA) by averaging three determina- 
tions [13]. All measurements were repeated hourly for 8 
hours. Two further sets of measurements were obtained 
at 10 and 12 hours after transplantation, at which time the 
animals were killed. The animals’ chests were reopened, 
and the left lung was removed and weighed. After the 
lungs were dried in an oven to a stable dry weight, 
wet/dry weight ratios were calculated. 


Maintenance 


A transient drop in cardiac output was observed when the 
transplanted lung was unclamped, and this was counter- 
acted by administration of calcium chloride. One gram of 
cefazolin was also given during the 1-hour stabilization 
period after transplantation. When the right pulmonary 
artery and main bronchus were ligated, the tidal volume 
was decreased to 200 mL, and the chest was loosely 
closed. The ventilatory rate was adjusted to maintain 
partial pressure of carbon dioxide between 35 and 45 mm 
Hg, but the inspired oxygen concentration was main- 
tained at 60%. Endotracheal suctioning was performed at 
least every 30 minutes, and more often if necessary. 
Sodium bicarbonate was given to maintain arterial pH at 
7.30 to 7.40. Ringer’s lactate was given to maintain the left 
atrial pressure at 4 to 7 mm Hg, and no inotropic or 
vasodilator agents were used. No interventions were 
made within the 15 minutes before a measurement. Body 
temperature was maintained at 36° to 37°C by the use of 
heating pads and warmed intravenous fluids. Sedation 
was maintained using a continuous infusion of chloralcse 
at 12.5 mg/kg/h. 


Statistics 


For statistical analysis, data obtained during the study 
period were grouped into 2-hour time blocks. The results 
depicted at each time point are therefore the average of 
two measurements taken from each animal during that 
time block. All results were analyzed using a two-tailed 
t-test. A p value less than 0.05 was considered statistically 
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Table 1. Characteristics of Experimental Groups 


Characteristic Control DMTU Value 
Animal weight (kg) 24.0 21.0 NS 
Preservation (h) 24.6 24.9 NS 
Warm ischemia (min) 72.2 74.5 NS 
Average survival (h) 8.5 11.8 0.05 
Wet/dry lung weight 7.97 7.70 NS 


DMTU = dimethylthiourea; NS = not significant. 


significant. Variability is presented as the standard error 
of the mean and is depicted by error bars on the graphs, 
with the exception of pulmonary vascular resistance, in 
which error bars depict one half the standard error of the 
mean. 


Humane Treatment 


This study was approved by the Institutional Animal Care 
and Use Committee of the University of North Carolina. 
All animals received humane care in compliance with the 
“Guide for the Care and Use of Laboratory Animals” 
(NIH publication No. 85-23, revised 1985). 


Results 


Both groups were comparable with respect to animal 
weights, duration of preservation, and warm ischemic 
time, as shown in Table 1. In the control group, 3 
recipients died at 2, 4, and 8 hours after completion of the 
transplantation, whereas in the DMTU group only 1 
animal died at the 11-hour time point. The longer average 
length of survival in the DMTU group was ‘statistically 
significant. 

Pulmonary artery pressures on reperfusion were con- 
sistently lower in the DMTU-treated group, as shown in 
Fig 1. There was marked statistical significance for the 
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Fig 1. Pulmonary artery pressure versus time after transplantation. 
(BL = baseline; DMTU = dimethylthiourea.) 
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Fig 2. Pulmonary vascular resistance (PVR) versus time after trans- 
plantation. (BL = baseline; DMTU = dimethylthiourea; SE = stan- 
dard error.) 


differences during the first 6 hours. Pulmonary vascular 
resistance was also lower in the DMTU group (Fig 2) as 
might well be expected as there were no differences in the — 
cardiac output betweén groups. Owing to larger variabil- 
ity, however, this was statistically significant only during 
the first 2 hours. There was no difference in aortic pres- 
sure, heart rate, or airway pressure. Right atrial pressure 
was significantly higher in the control animals (Fig 3). Left 
atrial pressures were not significantly different between 
groups. 

Arterial oxygen tension was significantly higher, in 
treated animals at 4 hours (Fig 4). Calculated intrapulmo- 
nary shunt tended to be lower in treated animals, but this 
was not statistically significant. Furthermore, there was a 
continual vise in intrapulmonary shunt throughout the 
course of the experiment in both groups (Fig 5). Extravas- 
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Fig 3. Centrel venous pressure versus time after transplantation. (BL 
= baseline; CMTU = dimethylthiourea.) 
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Fig 4. Arterial oxygen tension (pO2) versus time after transplanta- 
tion. (BL = baseline; DMTU = dimethylthiourea.) 


cular lung water measurements showed an early steep 
rise followed by a plateau (Fig 6). There was no statisti- 
cally significant difference between groups, although the 
controls tended to have higher values at 4 hours. There 
were also no statistically significant differences in the 
wet/dty lung weight ratios after drying of the lung (Table 
1). 


Comment 


Ischemia followed by reperfusion is associated with the 
production of oxygen free radicals at the time of reperfu- 
sion [2]. These are very reactive compounds that damage 
the molecular structure of proteins and cell membranes by 
triggering a chain reaction of lipid peroxidation. They are 
produced by at least two sources: neutrophils that have 
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Fig 5. Pulmonary shunt fraction versus time after transplantation. 
(BL = baseline; DMTU = dimethylthiourea.) 
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Fig 6. Extravascular lung water versus time after transplantation. 
(BL = baseline; DMTU = dimethylthiourea.) 


become activated during ischemia, and the degradation of 
adenosine after ischemia [3, 14]. Xanthine dehydroge- 
nase, the normal enzyme responsible for this degrada- 
tion, is converted to xanthine oxidase during ischemia, 
which then produces oxygen free radicals when accumu- 
lated adenosine is metabolized during reperfusion. Pul- 
monary endothelial cells seem to be particularly affected 
[15], and the cell membrane damage leads to cell edema 


‘and capillary obstruction (“no reflow phenomenon”). 


Several in vitro studies with isolated perfused lungs 
have suggested that this reperfusion injury plays an 
important role in poor lung function after preservation. 
Rabbit lungs preserved for 24 hours and then reperfused 
with leukocyte-poor blood showed significantly less 
edema formation, better preservation of histological struc- 
ture, and a lower vascular resistance compared with those 
reperfused with normal blood [14]. Lower pulmonary 
artery pressures, less edema, and less albumin leakage 
into the alveoli after 2 hours of 37°C ischemia have also 
been demonstrated after pretreatment with lodoxamide, a 
xanthine oxidase inhibitor [3]. We have previously dem- 
onstrated less edema and lower pulmonary artery pres- 
sures with the addition of oxygen free radical scavengers 
such as DMTU or superoxide dismutase and catalase in 
isolated lung models [2, 6, 16]. This has been confirmed 
by other investigators as well [7, 17]. 

The current study also demonstrates lower pulmonary 
artery pressures throughout the course of the study with 
the addition of DMTU. In previous unpublished experi- 
ments, we have found the same dose of DMTU to have no 
hemodynamic effect in anesthetized dogs. Wong and 
colleagues [18] have reported a transient slight increase in 
pulmonary artery pressures in pigs after infusion of 0.5 
g/kg of DMTU, whereas others [4, 19] have reported no 
effect of intravenous DMTU on cardiac output, aortic 
pressure, or pulmonary artery pressures. Thus, we be- 
lieve that the lower pulmonary artery pressures demon- 
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strated in this study are not due to a direct hemodynamic 
effect of the DMTU itself. 

Both a variety of oxygen free radical scavengers and a 
number of xanthine oxidase inhibitors have been shown 
to decrease pulmonary artery pressures on in vitro reper- 
fusion after lung preservation [3, 6, 7, 16]. In vitro 
experiments have also shown that this effect correlates 
well with decreased lipid peroxidation, decreased endo- 
thelial cell permeability, and a decrease in markers of 
endothelial cell injury [2, 3, 6, 15, 17]. This suggests that 
the lower pulmonary pressures observed in the current 
study are due to a decrease in oxygen free radical-induced 
injury, which might be due to decreased endothelial cell 
swelling or less thrombotic plugging of severely damaged 
capillary beds. Alternatively, this might be due to less 
vasoconstriction, possibly mediated by decreased throm- 
boxane levels in the presence of oxygen free radical 
scavengers. Oxygen free radicals have been shown to 
increase thromboxane levels [20, 21], and some authors 
have suggested this is due to metabolism of arachidonic 
acid released from oxygen free radical-damaged cell 
membranes [21]. 

Intravenous fluids were given to maintain left atrial 
pressure and cardiac output, and no difference between 
the groups was observed in these variables. Also, there 
was no statistically significant difference in the amount of 
fluid given. Thus, the higher right atrial pressures ob- 
served in the control dogs do not represent a difference in 
fluid management, but rather demonstrate a degree of 
right heart dysfunction owing to the elevated pulmonary 
vascular resistance. Dimethylthiourea was effective at 
keeping right atrial and pulmonary artery pressures closer 
to baseline single-lung perfusion levels. 

Arterial oxygen tension tended to be higher in the 
DMITU group, but differences were statistically significant 
only at 4 hours. The same pattern was observed for 
calculated intrapulmonary shunt. Despite lower shunt 
levels at most of the time points with DMTU, there was a 
constant rise in shunt fraction throughout the experiment. 
Decreased interstitial and alveolar edema as a result of 
oxygen free radical scavengers could explain better oxy- 
genation. Part of the reason for a lack of statistical signif- 
icance in the later measurements is undoubtedly the 
smaller number of measurements available owing to the 
death of several of the controls. This also skews the data 
somewhat, in that the controls that were still alive at later 
time points were a seléct group with better oxygenation 
than the other control animals. 

It is not clear, however, why lung function should 
deteriorate with time. It is possible that DMTU was 
- consumed during the first few hours and was therefore no 
longer able to protect the lung against reperfusion injury. 
However, there is evidence that reperfusion injury occurs 
only in the first hour after reperfusion [14]. The dose of 
DMTU used has also been shown to be enough to 
scavenge the oxygen free radicals produced by maximally 
stimulated neutrophils over a 45-minute period [16, 17, 
22]. The plasma half-life of DMTU in the absence of 
increased oxygen free radical production has been shown 
to be 24 to 36 hours in several mammalian species [4, 17, 
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22]. A dose of 500 mg/kg of DMTU every 12 hours has 
been effective at preventing much of the pulmonary 
injury seen in rats subjected to 100% O, for 2 days [22], a 
situation tnought to be associated with increased oxygen 
free radicel production. Therefore, although no data on 
DMTU consumption in this particular setting of lung 
ischemia end reperfusion are available, we believe it is 
unlikely that the DMTU was consumed during the first 
few hours. 

We believe it is much more likely that the progressive 
lung deterioration was due to a severe injury from the 
prolonged ischemia alone. Although DMTU was able to 
attenuate some of the reperfusion injury, we think that 
these lungs had suffered serious preservation injury, 
which caused many endothelial and parenchymal cells to 
undergo cell death despite the addition of DMTU. The 
oxygen free radical scavenger may have merely post- 
poned the cell death by altering the immediate cause 
rather than affecting the final outcome in lungs subjected 
to 24 hours of ischemia. 

This would also explain the lack of difference in ex- 
travascular lung water. Although wet lung weights at the 
terminaticn of the study were higher in the control group, 
the ratio cf wet to dry weight, which is a better measure- 
ment of ling water, failed to show any difference. The in 
vivo extravascular lung water determinations suggested 
increased edema in the control group at 4 hours, but a 
greater diference may have been masked by the edema 
caused by the ischemic injury alone. Furthermore, the 
capillaries in the areas of lung most severely injured may 
have swolen to the point of obstruction, thus rendering 
these arees incapable of any further fluid retention. 

Some authors have indicated that lung weight gain after 
ischemia dccurs early and is a sensitive indicator of the 
degree of ischemic/reperfusion injury [23, 24]. We agree 
that most of the edema has occurred by 4 hours, but we 
found that this does not correlate well with lung function 
or ultimate survival, as a continued deterioration in these 
variables was observed. Our results also suggest that 
animals must be followed up for a considerable period of 
time (at least 6 hours) before the effect of long-term lung 
preservation can be assessed realistically. By our assess- 
ment, oxygenation correlated closely with survival and is 
the best measure of the quality of lung function. These 
experiments also serve to underscore once again the 
difficulty of extrapolating from in vitro data to in vivo 
results. 

In summary, we have shown decreased pulmonary 
artery pr2ssures and better oxygenation after 24-hour 
lung preservation by the-addition of DMTU in an in vivo 
lung transplantation model. However, a continued grad- 
ual deterioration of lung function was also observed 
during the 12-hour posttransplantation measurement pe- 
riod. No major differences in extravascular lung water 
were obs2rved. We believe this is evidence that oxygen 
free radical scavengers do reduce lung reperfusion injury 
in vivo, cut that severe lung injury owing to the 24-hour 
preservation alone still remains. Experiments are under- 
way to assess the effect of varying the duration of preser- 
vation in the presence of oxygen free radical scavengers. 
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DISCUSSION 


DR J. KENT TRINKLE (San Antonio, TX): I am very impressed 
with the fact that you have been able to preserve lungs for 24 
hours; that is extraordinary. We have been using essentially your 
control, donor prostaglandin E, infusion, followed by 1,500 mL 
of modified Eurocollins topical slush. We have used this in 18 
patients, 6 heart-lung and 12 lung transplantaticns, but our 
procedures have never gone longer than just a little over 4 hours. 
The last transplantation we performed just two nights ago was on 
a single lung of a man with chronic obstructive pulmonary 
disease. His initial partial pressure of oxygen was 516 mm Hg. I 
think this is about as good as you are going to get in the acute 
clinical setting. We are also looking at the free radical scavenger 
glutathione in the laboratory, and we have just stazted with the 
UW solution, which, of course, has the scavengers and a hodge- 
podge of other things, too. 

I think the main value of this may be in the high responders in 
whom you need time to do a lymphocyte cross-match. With our 





current technology, there is not a whole lot of reasons to perform 
an operation beyond 5 or 6 hours unless you like to operate at 8 
AM instead of 2 Am or the like, as we all do in this business. 
Anyway, it is obvious that this is going to be the wave of the 
future. I do not know whether. we will ever get to do lung 
transplantation as a semielective case like in kidney transplanta- 
tion; but in the acute stage, I do not think there is a whole lot of 


` advantage. In prolonged preservation, there is no question but 


that this is the way to go. 


DR JAMES STEWART (Nashville, TN): I was wondering, did 
you measure any lipid peroxidation products or any other index 
of free-radical injury in the lung tissues? 


DR DETTERBECK: No, we did not measure that in this paper. 
We have done that previously in vitro in experiments, and we did 
find an increase in thiobarbituric acid consistent with other 
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measures, increased lung edema, and decreased oxygenation of 
the lung. We did not do that in this study. 


DR STEWART: We have been interested in this problem as well, 
and I am trying to dissect out some of the causes of the 
reimplantation response. It is interesting to note that if you 
devascularize and denervate the lungs of sheep but leave them in 
place and put balloon occluders on the bronchus and on the 
pulmonary artery as well as the pulmonary vein, you can occlude 
them and by microspheres show no flow into that lung; and if 
you reperfuse them 24 hours later, they show no response at all. 
I do not know why. 


DR WILLIAM A. COOK (North Andover, MD): Do you have 
any idea what the effect of DMTU may be on the surface of the 
circulating cells? 
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DR DETTERBECK: No, I am not aware of any studies that 
anyone hes done looking at that. 


DR COOX: The reason I ask is I was struck by the high 
pulmonarr artery pressures that developed immediately after 
you had started your reliance on the transplanted lung. This 
looked very similar to the pressures in a shock-lung preparation 
in which the problem is direct mechanical blockade of the 
pulmonary capillaries by clumps of cells. 


DR DETTERBECK: Well, I am not aware of any data to answer 
this question. People have looked at the effect of DMTU, and we 
did look as well in our laboratory, just giving DMTU to normal 
animals, tut could find no effects on pulmonary blood pressure, 
cardiac outout, or aortic blood pressure. There were no hemody- 
namic effects whatsoever. 


Leukocyte Depletion Results in Excellent Heart- 
Lung Function After 12 Hours of Storage 


Ravi Pillai, FRCS, Ko Bando, MD, Stephan Schueler, MD, Melissa Zebley, 
Bruce A. Reitz, MD, and William A. Baumgartner, MD 


The Johns Hopkins Hospital, Baltimore, Maryland 


Extended preservation of the heart-lung bloc for 12 hours 
in a bovine model of heart-lung transplantation was 
achieved using donor core cooling, static hypothermic 
storage, and reperfusion on cardiopulmonary bypass 
with leukocyte-depleted (LD) blood. Orthotopic heart- 
lung transplantation was performed with (n = 4, LD 
group) or without (n = 4, control group) LD blood during 
cardiopulmonary bypass. Postoperative measurements 
of cardiopulmonary function were made at 2, 4, and 6 
hours after reperfusion. Only 2 animals (50%) of the 
control group survived more than 2 hours, whereas all 
animals in the LD group survived the study period. 
Arterial oxygen tension on 100% oxygen was 535.63 + 
64.96 mm Hg and 146.45 + 90.9 mm Hg in the LD and 


linical heart-lung and lung transplantation has pro- 
gressed rapidly since the first successful long-term 
outcome was reported by Reitz and co-workers in 1981 
{1]. The limitation in the number of patients treated 
remains one of donor availability, which has been in part 
due to the lack of techniques of long-term organ preser- 
vation. Most currently used methods of clinical preserva- 
tion have extended preservation times to 4 to 6 hours. 
Experimental studies have increasingly demonstrated 
the role of oxygen free radicals in causing serious lung 
injury at the time of reperfusion. In addition, the role of 
neutrophils in lung injury at the time of reperfusicn after 
a period of ischemia has been demonstrated in vitro [2]. 
Furthermore, a recent study evaluating the effect of leu- 
kocyte depletion in a canine model of cardiopulmonary 
bypass showed the effectiveness of the depletion tech- 
nique as well as the improved physiological outcome, 
particularly regarding lung function in a canine model [3]. 
Using this technique of leukocyte depletion on cardiopul- 
monary bypass, we have evaluated the effectiveness of 
such depletion on preservation of heart and lung function 
after 12 hours of static hypothermic storage of the heart- 
lung bloc in a bovine model of orthotopic heart-lung 
transplantation. 
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control groups, respectively, at 2 hours (p < 0.5) and 
524.3 + 73.32 and 147.9 + 255.67 mm Hg at 6 hours. 
Pulmonary artery systolic pressure-to-systemic pressure 
ratio was 0.49 + 0.08 and 0.62 + 0.35 at 2 and 6 hours in 
the LD group. Extravascular lung water was 17.81 + 0.02 
mL/kg (control group) and 11.28 + 9.15 mL/kg (LD 
group) at 2 hours. At reperfusion, the mean neutrophil 
count was 27 + 27 and 764 + 635 x 10°/L in the LD and 
control groups, respectively. This novel approach of 
leukocyte depletion during reperfusion after heart-lung 
preservation resulted in excellent cardiac and pulmonary 
protection. 


(Ann Thorac Surg 1990;50:211-4) 


Material and Methods 


Eight dairy calves (mean weight, 39.7 kg) underwent 
orthotopic heart-lung transplantation from size-matched 
donor animals using established techniques [4]. The ani- 
mals were divided into two groups. In both groups, core 
cooling on cardiopulmonary bypass was the technique of 
cardiopulmonary preservation. After such cooling and 
cardioplegic cardiac arrest, in the control group (n = 4), 
the organ bloc was stored in cold donor blood at 4°C. In 
the leukocyte-depleted (LD) group (n = 4), leukocyte 
filters (Pall RC 100, Pall Biomedical Products Corporation, 
Glen Cove, NY) were incorporated in the extracorporeal 
circuit between the roller pump and the arterial filter 
during organ procurement as well as at the time of 
orthotopic allotransplantation. Organs were similarly 
stored for 12 hours. ' 

Donor animals were pretreated intramuscularly with 
ketamine hydrochloride (0.2 mg/kg), and anesthesia was 
induced intravenously with sodium pentobarbital (5 to 7 
mg/kg). After endotracheal intubation, animals were 
placed on a volume-cycled ventilator with a tidal volume 
of 15 mL/kg at 15 to 20 breaths/min. The fraction of inspired 
oxygen was maintained at 100%. All animals were para- 
lyzed with pancuronium bromide (0.05 to 0.1 mg/kg, 
intravenously). After median sternotomy, a 5F therm- 
istor-tipped catheter (lung water catheter, American 
Edwards Laboratory) was placed into the internal mam- 
mary artery for continuous arterial pressure monitoring 
and for measurement of extravascular lung water. A 7F 
balloon-tipped thermodilution catheter (Swan-Ganz cath- 
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eter, American Edwards Laboratory) was placed through 
the superior vena cava into the distal pulmonary artery. 

Baseline functional data were obtained from all donor 
animals. These included systemic arterial, pulmonary 


arterial, pulmonary capillary wedge, and central venous 


pressures. Arterial blood gases were analyzed using an 
ABL-30 acid-base analyzer (Radiometer). Measurements 
of thermodilution cardiac output and extravascular lung 
water were obtained through the lung water catheter. The 
latter determinations were on the basis of a double- 
indicator dilution method using a cold sterile dye solution 
(5 mg indocyanine green dye in 10 mL D5W at 5°C) 
injected into the superior vena cava. Static lung compli- 
ance was calculated using tidal volumes and peak airway 
pressures measured by a catheter placed in the endotra- 
cheal tube and connected to a pressure transducer. ` 

After collection of baseline data, donor animals were 
systemically heparinized (3 mg/kg) and placed on cardio- 
pulmonary bypass at a rate of 2.5 to 3.0 L/min. The 
animals were cooled to a core (pharyngeal) temperature of 
12° to 15°C, and the left atrial appendage was incised to 
prevent left ventricular distention. On reaching a temper- 
ature of less than 15°C, the heart was arrested with cold 
cardioplegic solution (15 mL/kg) instilled into the aortic 
root. The aorta, vena cava, and trachea were then di- 
vided, and the heart-lung bloc was excised with the lungs 
inflated to 70% capacity. The bloc was immersed in cold 
blood obtained from the oxygenator and stored in sterile 
conditions at 4°C. 

Recipient animals were similarly anesthetized. Cardio- 
pulmonary bypass was instituted after median sternot- 
omy, and the temperature was allowed to drift. The lungs 
and heart were excised as described previously, and the 
stored heart-lung bloc was implanted. The animals were 
fully rewarmed and were weaned off cardiopulmonary 
bypass. At the completion of the study, the animals were 
killed by an overdose of pentobarbital. 

All animals received humane care in compliance with 
“Principles of Laboratory Animal Care” formulated by the 
National Society for Medical Research and the “Guide for 
the Care and Use of Laboratory Animals” prepared by the 
National Institutes of Health (NIH publication No. 85-23, 
revised 1985). 

Statistical analysis was performed using Student's t 
test, and all results are presented as means plus or minus 
one standard error. A p value of less than 0.05 was 
considered significant. 


Results 


Only 2 animals (50%) in the control grcup survived more 
than 2 hours. Death was preceded by substantially raised 
pulmonary artery pressure, severe pulmonary edema, 
and right ventricular failure. In the LD group, 100% 
survived the 6-hour study period. 

The pulmonary artery to systemic artery pressure ratio 
was 0.49 + 0.08 and 0.62 + 0.35 at 2 and 6 hours, 
respectively. Arterial oxygen tension on 100% oxygen was 
535.63 + 64.96 mm Hg and 146.45 + 90.9 mm Hg in the 
LD and control groups, respectively, at 2 hours and 485.15 


Ann Thorac Surg 
1990;50:211-4 


O-—OLD Group (N=4) 
700 e — è Cont Grp (N=4) 


p02 mm Hg 





Hours Following Reperfusion 


Fig 1. Comparison of oxygenation after reperfusion. (Cont = control; 
LD = leuxocyte-depleted; pO. = oxygen tension.) 


+ 82.54 mm Hg and 147.9 + 255.67 mm Hg at 6 hours. 
This difference was significant (p < 0.05) (Fig 1). Extravas- 
cular lung water measurements were similarly increased 
in the control group but decreased at 6 hours with 
worsening pulmonary edema in the 2 animals that sur- 
vived (Fig 2). Lung compliance, however, was similar in 
both groups. Cardiac function was well preserved in all 
survivors (Fig 3). At reperfusion, the mean neutrophil 
count was 27 + 27 and 764 + 635 x 10°/L in the LD and 
control groups, respectively. Baseline measurements 
were similar in both groups. 

Postmortem histological examination of the lungs 
showed focal alveolar injury accompanied by intravascu- 
lar leukocyte aggregation and perivascular hemorrhage to 
a much greater extent in the control group when com- 
pared with the LD group (Fig 4). 


Comment 


The protective effect of antioxidant scavengers in preserv- 
ing lung function after reperfusion was demonstrated in 
an in vitro model of an isolated rabbit lung by Stuart and 
co-workers in 1985 [5]. They showed the effect of catalase 
and superoxide dismutase in extending the cold ischemic 
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Fig 2. Change in extravascular lung water (EVLW) after reperfusion. 
(Cont = control; LD = leukocyte-depleted.) 
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Fig 3. Cardiac function after 12 hours of static preservation: (A) car- 
diac output, and (B) pulmonary artery wedge pressure (PAWP). 
(Cont = control; LD = leukocyte depleted.) 


period to 12 hours. The beneficial effects of such scaven- 
gers was shown to extend the preservation period to 8 
hours in an in vivo model by Bando and colleagues in 1989 
[6]. 

It may be postulated that the production of oxygen free 
radicals by the xanthine oxidase pathway results in the 
production of chemotactic factors after metabolism of 
arachidonic acid [7, 8]. This process itself leads to the 
sequestration and activation of neutrophils with further 
production of oxygen radicals and the formation of potent 
cytotoxic halide radicals via the myeloperoxidase pathway 
(Fig 5) [9]. In a previous study in our laboratory [3], we 
demonstrated the effect of leukocyte depletion an plasma 
conjugated dienes. The increased formation of plasma 
conjugated dienes in the control group suggests greater 
activity of oxygen free radicals leading to lipid peroxida- 
tion. 

In the setting of reperfusion of the lungs with the use of 
cardiopulmonary bypass, the resulting activation of com- 
plement with the production of activated C5a moiety 
results in the sequestration and activation of neutrophils 
[4, 10, 11]. Several studies have shown that neutrophil 
sequestration in the lung leads to the release of a wide 
variety of vasoactive and cytotoxic agents culminating in 
the destruction of lung tissue. This effect produces the 
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Fig 4. Histological appearance of the lung (A) in the control group 
and (B) in the leukocyte-depleted group. 


changes in alveolar capillary permeability and the loss of 
normal lung architecture on histology. Physiological alter- 
ations in pulmonary vascular resistance and efficacy of gas 
exchange are parallel features. 
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Fig 5. Role of neutrophils in free radical generation. 
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In addition, there is the known sensitivity of the alve- 
olar endothelium to oxygen radical damage owing to 
certain morphological and biochemical characteristics. 
These include the large lipid membrane surface with a 
relatively reduced complement of intracellular organelles, 
which in turn may cause a further limitation of the 
antioxidant capabilities of alveolar endothelial cells, par- 
ticularly as they are juxtaposed to the bloodstream and its 
contents [12, 13]. 

Further evidence for the role of neutrophils in such lung 
injury is demonstrated by the protective effects of neutro- 
phil depletion. Indeed, reperfusion with LD blood pro- 
tects lungs ischemic for 5 to 24 hours against reperfusion 
injury [14]—an effect not altered by readdition of autolo- 
gous leukocytes 1 hour after initial reperfusion [2]. In vitro 
[2, 15] and in vivo studies using animal models [3] have 
shown that lung injury measured by morphological and 
physiological variables is markedly attenuated in the 
absence of circulating neutrophils. 

This novel approach of neutrophil depletion on cardio- 
pulmonary bypass with successful preservation of the 
heart-lung bloc for 12 hours further supports the role of 
oxygen free radicals and neutrophils in the injury caused 
to lungs at the time of reperfusion. 
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DISCUSSION 


DR SAFUH M. A. ATTAR (Baltimore, MD): This is a very nice 
study; however, I find one objection—these conclusions cannot 
be really based on a very small series. You have a series of 4, and 
I think it is too small to be significant; therefore, I think the study 
must be extended so that you can draw those conclusions. 


DR PILLAI: I agree with that. The study is being extended. 


DR ANDREW S. WECHSLER (Richmond, VA): You said that 
you stored the hearts in blood. I assume it was oxygenated blood 
that you stored them in and it was cold. 


DR PILLAI: That is right. 


DR WECHSLER: What was the oxygen concentration at the end 
of the storage period in the blood? Are you postulating a 
reoxygenation mechanism as playing a role in the injury that you 
may have prevented by the leukocyte depletion? 


DR PILLAI: We did randomly test the oxygenation of the blood 
at the end of the preservation period, and it was more or less the 
same as at the beginning. In terms of oxygenation, I think it is a 
difficult problem that needs to be evaluated, but we know from 
clinical practice that in some ways empirically we have not 
reinflated lungs after a period of ischemia with more than about 
a 40% or 50% inspired oxygen fraction. This is based on worries 
about reperfusion injury due to oxygen free radicals. We venti- 
lated all our animals and post-weaned them on 100% oxygen in 
both groups. 
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Recognition that many patients with benign sclerosing 
mediastinitis have smoldering disease responsible for 
failure of surgical procedures or for dévelopment of 
collateral circulation in patients with superior vena caval 
obstruction has markedly improved management of 
these difficult patients. Histoplasmosis complement fix- 
ation titers have beén used to detect unsuspected suba- 
cute disease and to follow the therapeutic adjunctive 
management with ketoconazole, an oral antifungal 
agent. Twenty-two patients with benign sclerosing me- 
diastinitis demonstrated a variety of symptoms relating 
to the area of compression: superior vena cava, 13; 
esophagus, 3; pulmonary artery and pericardium, 3; and 
trachea, 3. Histoplasmosis was documented in 12 pa- 
tients. Operation is used initially for diagnosis, to rule 
out carcinoma, and to treat the coniplications: superior 
vena caval reconstruction, 6; tracheal decompression, 2; 
right middle lobectomy, 1; esophageal decompression, 2; 


Gseresing mediastinitis and fibrosing mediastinitis are 
equivalent terms that describe a process of acute and 
chronic inflammation resulting in progressive fibrosis 
within the mediastinum [1-5]. The process usually in- 
volves the superior mediastinum and is a relentless pro- 
liferation of fibrous tissue that produces encroachment, 
entrapment, and eventual compression of the mediastinal 
structures. It affects primarily and initially the low- 
pressure structures such as the superior vena cava (SVC) 
[6]; the azygos, innominate and pulmonary veins [7]; and 
the pulmonary arteries [8]. It also may involve the esoph- 
agus and trachea [9, 10] and can be caused by a variety of 
organisms [11-16]. 

In the past, an operation was used to establish the 
diagnosis, rule out carcinoma, and provide decompres- 
sion of the entrapped organs [17-20]. More recently, 
recognition that a subacute phase of active disease may 
coexist or smolder in a process that appears to be a 
burned-out clinical entity may reduce the necessity of an 
operation in some patients. The importance of this finding 
has been the ability to treat this subacute inflammation 
with ketoconazole, effectively reducing compression and 
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division of tracheoesophageal fistula, 1; and release of 


` pericardial effusion and cardiac tamponade, 1. Postcar- 


diotomy syndrome occurred in 1 patient and wound 
infection in another. No deaths resulted. In 6 cases of 
histoplasmosis, symptoms récurred in 100% of patients 
and were successfully managed with ketoconazole treat- 
ment, and then clinical progress was monitored with 
serial histoplasmosis complement fixation studies. One 
patient had four superior vena caval reconstructions at an 
outside hospital, each 1 year apart, with symptoms 
recurring each time. With ketoconazole therapy alone, 
she has been asymptomatic for more than 2 years. Vig- 
orous search for a fungal cause may even obviate the 
necessity for surgical intervention. If an operation is 
necessary, preoperative and postoperative use of keto- 
conazole has assured success. 


(Ann Thorac Surg 1990;50:215-21) 


ameliorating symptoms. This unrecognized inflammation 
process may also be responsible for the frequent failure of 
surgical decompression or bypass in patients with supe- 
rior vena caval obstruction (SVCO). 

This paper reviews cases of 22 patients with sclerosing 
mediastinitis managed over a period of 25 years. 


Material and Methods 


Patients 


Twenty-two patients were followed over 25 years with the 
diagnosis of benign sclerosing mediastinitis. There were 
14 female and 8 male patients ranging in age from 14 to 64 
years (mean age, 46 years). These patients were seen with 
a variety of symptoms at varying stages in their diagnosis 
and management. Some came for initial diagnosis and 
treatment whereas others were treated extensively else- 
where; some had multiple surgical procedures and were 
referred for further management. 


Cause 


All patients had been explored surgically to rule out any 
malignant process and to establish the diagnosis when- 
ever possible. The diagnosis of histoplasmosis has been 
established by smear or culture of the biopsy specimens or 
by complement fixation studies showing an increasing 
titer over time in 12 of the 22 patients (6 of 6 of the last 


0003-4975/90/$3.50 


216 URSCHEL ET AL 
SCLEROSING MEDIASTINITIS 





Fig 1. Photomicrograph showing bands of collagen with inflammatory 
infiltrate and areas of hyalinization. 


group of patients evaluated clinically). Nine patients 
failed to show any cause and were designated idiopathic. 
However, these patients were managed in the early part 
of the study when the search for causal agents was not as 
extensive as it is today, particularly with respect to the use 
of complement fixation studies. Tuberculosis was docu- 
mented in 1 patient early in the series as the cause of the 
disease. 


Pathology 


Intraoperatively, the observed gross pathology is that of a 
dense, scirrhous, homogenous, fibrous tissue encasing 
the mediastinal structures causing total obliteration of 
tissue planes. (The stony hard consistency of the fibrous 
tissue and its intimate involvement of the vital mediasti- 
nal structures made tissue extirpation a hazardous under- 
taking.) Microscopically, the resected tissues showed 
dense collagen bands with activated fibroblasts and in- 
flammatory cellular infiltrate composed mainly of mature 
lymphocytes and plasma cells. The collagen bands are 
interspersed by an area of hyalinization (Fig 1). A striking 
feature was the presence of arteriolar obliteration caused 
by intimal hyperplasia and medial thickening. Vasculitis 
was not present as evidenced by the absence of necrosis 
and of inflammatory cell infiltrate of the vessel wall (Fig 
2). 

In 1 patient, multiple caseating granulomas were also 
present in the area adjacent to the fibrosis. Budding yeast 
forms were visualized in the areas of caseation consistent 
with Histoplasma capsulatum (Fig 3). 


Diagnosis 

Superior vena caval obstruction was observed in 13 of 22 
patients. Compression symptoms in 13 patients included 
swelling and edema of the upper extremities, face, and 
the anterior chest wall as well as an increase in dilated 
superficial veins and flushing in these areas. Central 
nervous system symptoms occurred in 3 patients, head- 
ache in 1, nausea in 1, and dizziness with visual distur- 
bance in 1. The esophagus was compressed producing 
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dysphagia in 3 patients, and tracheal compression in 3 
patients caused intermittent stridor, shortness of breath, 
dyspnea, and positional changes requiring the patients to 
sleep in an upright position. The pericardium was in- 
volved in 2 patients, in 1 by bleeding and tamponade and 
in another by postcardiotomy syndrome with evidence of 
pericarditis. The pulmonary artery was obstructed or 
compressed in 1 patient producing pulmonary hyperten- 
sion and symptoms like mitral stenosis. 

After going through a careful medical history review 
and physical examination, the patient underwent routine 
chest roertgenography and a computed tomographic scan 
of the neck, chest, and upper abdomen. These scans 
usually revealed widening of the mediastinum without 
any other evidence of mass lesions or other important 
causes. In the patients with SVCO, simultaneous bilateral 
brachial venograms were conducted showing the anat- 
omy of the veins of the upper extremity and the innomi- 
nate vein, and the area of obstruction and degree of 
compression of the SVC. The venograms also demon- 








Fig 2. (A) Phetomicrograph showing obliterative arteriolar changes 
(single arrow. (B) Photomicrograph showing arteriolar medial thick- 
ening (single arrow) and intimal hyperplasia and obliteration (dou- 
ble arrow); plesma cells and lymphocytes are seen in the perivascular 
areas. 
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Fig 3. (A) Photomicrograph showing caseating granulomas. (B) Bud- 
ding yeast forms demonstrated by silver stains (single arrow). 


strated collateral circulation and often showed in delayed 
films the azygos vein as a source of collateral circulation. 
If bilateral brachial venograms could not be performed, an 
arch aortogram with follow-up visualization of the ob- 
structed venous system on digital subtraction films was 
an excellent alternative. Cardiac catheterization was car- 
ried out in 3 patients. One patient demonstrated pulmo- 
nary artery compression with symptoms of shortness of 
breath, dyspnea on exertion, and hemoptysis. Two pa- 
tients had pericardial involvement: one with bleeding and 
tamponade and the other with the postcardiotomy syn- 
drome but both showing symptoms of shortness of 
breath, loss of energy, and pulsus paradoxus. 

All patients had bronchoscopy and either cervical or 
second interspace mediastinoscopy. Care was taken in the 
mediastinoscopy procedure to avoid bleeding because of 
the increased collateral circulation. Washings and biopsy 
specimens were taken for cytological and bacteriological 
tests during the endoscopic procedures, and lymph node 
or mass biopsy specimens were taken through the medi- 
astinoscope. Esophagoscopy was performed for patients 
with dysphagia. Complement fixation studies were 
drawn for histoplasmosis, coccidioidomycosis, and blas- 
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tomycosis. Complement fixation titers of 1:32 or higher 
strongly suggested histoplasmosis. Although no specific 
titers were absolutely diagnostic, serial evaluation show- 
ing an increasing titer suggested an acute or subacute 
process in the fibrotic area, which was usually corrobo- 
rated by an elevated sedimentation rate. 

Retroperitoneal fibrosis occurred in 1 patient and has 
been associated with a common denominator of histoplas- 
mosis. The patient was operated on initially with the 
diagnosis of retroperitoneal fibrosis, and the ureters were 
decompressed. Subsequently, the diagnosis of sclerosing 
mediastinitis was established, and histoplasmosis was 
incriminated. Ketoconazole controlled the symptoms 
without major surgical resection, and the patient has 
remained asymptomatic for 4 years. 


Therapy 


Two patients were seen with failure of surgical decom- 
pression, one of the trachea and the other of multiple 
bypass procedures for SVCO. An active process was 
diagnosed as secondary to histoplasmosis, and treatment 
of the histoplasmosis with ketoconazole successfully re- 
lieved the symptoms in both patients. Subsequently, 4 
other patients with a diagnosis of sclerosing mediastinitis 
found to be secondary to histoplasmosis as evidenced by 
elevation of the serum of complement fixation levels and 
sedimentation rate were successfully treated with keto- 
conazole without the necessity of operative surgical by- 
pass procedures or decompression. 

Tracheal decompression was successfully accomplished 
in 2 patients with median sternotomy in 1 and a right 
lateral thoracotomy in the other. Two other patients, 1 of 
whom had both esophageal and tracheal decompression, 
underwent right lateral thoracotomy for esophageal de- 
compression. Another patient who had major compres- 
sion of his pulmonary arteries was decompressed bilater- 
ally through a median sternotomy incision [22] and had a 
right middle lobectomy for chronic infection and obstruc- 
tion of this lobe secondary to the obstructive process. One 
patient had division of a tracheoesophageal fistula sec- 
ondary to granulomatous erosion with excellent prepara- 
tion for operation by using esophageal diversion and 
exclusion [23]. Decompression of cardiac tamponade with 
partial pericardiectomy was performed in 1 patient. Post- 
cardiotomy syndrome was diagnosed clinically in another 
patient who underwent medical therapy. 


Superior Vena Caval Obstruction 


Superior vena caval bypass or reconstruction was carried 
out in 6 of the 13 patients with SVCO. A wide variety of 
surgical procedures was used, the first being a Teflon 
graft from the innominate vein to the right atrium that 
remained open for more than 5 years as demonstrated by 
an angiogram. The patient remained asymptomatic dur- 
ing that time. In another patient, an aortic homograft 
bypass graft was inserted from the SVC to the right atrium 
and gave temporary relief, but symptoms recurred weeks 
later suggesting occlusion of the bypass graft. Three 
patients were treated with saphenous veins sutured to- 
gether around a glass rod creating a composite concentric 
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Fig 4. Computed tomographic scan showing mass compressing medi- 
astinal structures, trachea, and esophagus. 


graft that was inserted from the innominate vein to the 
right atrium. All three procedures were successful for a 
time range of 2 to 12 years. One patient underwent a 
direct anastomosis of the azygos vein and the inferior 
vena cava that provided bypass of the SVCO. This re- 
mained patent for 1 year. 


Pivotal Clinical Cases 


A 32-year-old woman was observed to have tracheal 
stridor accentuated on lying down and to have intermit- 
tent cyanosis and progressive dysphagia with marked 
weight loss for more than 2 months. She underwent 
bronchoscopy and esophagoscopy, which showed exter- 
nal compression of the trachea and esophagus (Fig 4). 
After cervical and second interspace mediastinoscopy 
failed to provide a diagnosis, median sternotomy with 
decompression of the trachea and esophagus and multi- 
ple biopsies of tissues were performed. It appeared as if 
someone had “poured concrete” into the superior medi- 
astinum, There was no evidence of granuloma, carci- 
noma, or lymphoma, and the patient was subsequently 
treated symptomatically. 

However, the patient was admitted 6 months later with 
shortness of breath, large mediastinal masses similar to 
those associated with lymphosarcoma, and evidence of 
pericardial tamponade (Fig 5). She required a left lateral 
thoracotomy with pericardiectomy and removal of a large 
hematoma, which produced decompression of the heart. 
No organisms were seen on the histological stains and on 
cultures. However, the complement fixation titer for his- 
toplasmosis was 1:128, and the sedimentation rate was 85 
mm/h. She was started on ketoconazole therapy of 400 mg 
daily. In 3 months, her chest roentgenogram returned to 
normal (Fig 5C). She has been asymptomatic for 8 years 
and has demonstrated remarkable clinical improvement. 
The dosage of ketoconazole therapy was gradually re- 
duced in 1 year. Symptoms returned but disappeared 
promptly after restarting ketoconazole. 

In a second 38-year-old patient, SVCO was diagnosed 
approximately 8 years previously. She had four superior 
vena caval reconstructions and bypass procedures over a 
period of 4 years. The initial operation involved decom- 
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Fig 5. Chest raentgenograms. (A) Postoperative decompression. (B) 
Recurrent enlarging mediastinal masses 6 months later. (C) After 
ketoconazole treatment. 


pression of the SVC and the mediastinum. This heiped 
her for approximately 1 year, after which time recurrent 
symptoms developed. At this time she was reexplored 
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Fig 6. Venogram demonstrating azygous to inferior vena cava anasto- 
mosis for palliation of superior vena cavai obstruction. 
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and decompressed, and a composite saphenous vein 
bypass graft was placed from the innominate vein to the 
right atrium with amelioration of symptoms again for 
almost 1 year. Recurrent symptoms appeared when the 
vein graft occluded. At this time, the patient underwent 
decompression and an anastomosis between the azygos 
vein and the inferior vena cava, which palliated her 
symptoms for about a year (Fig 6). A percutaneous 
balloon angioplasty was carried out subsequently with 
only modest relief of the SVC stenosis (Fig 7) and symp- 
toms, and the patient was readmitted after a fifth opera- 
tion was recommended. She had an elevated sedimenta- 
tion rate of 97 mm/h and an elevated complement fixation 
titer for histoplasmosis of 1:128. She was placed on 
ketoconazole therapy of 400 mg daily, and she had 
remission of her symptoms for approximately 4 years 
without evidence of any severe problem. 

Subsequent to these 2 patients, 4 other patients have 
been evaluated with SVCO after biopsy that failed to 
show carcinoma. Each patient had elevated sedimentation 
rates and complement fixation levels of more than 1:64, 
and they were all treated successfully with ketoconazole. 
When ketoconazole therapy was stopped in 1 patient 
because of hepatitis of unknown cause, the SVCO symp- 
toms recurred and again were ameliorated when ketocon- 
azole was restarted. 





B 


Fig 7. Venagrams. (A) Superior vena caval obstruction before percutaneous transluminal coronary angioplasty. (B) After percutaneous translumi- 


nal coronary angioplasty. 


220 URSCHEL ET AL 
SCLEROSING MEDIASTINITIS 


Comment 


Sclerosing mediastinitis in most patients appears to be a 
self-limited process. Symptoms of SVCO should regress 
as collateral circulation evolves secondary to the obstruc- 
tion over a period of weeks. Areas such as the trachea, 
esophagus, and even the pulmonary artery and veins 
when decompressed should remain patent if the process 
is self-limited. 

In the patients with SVCO who have had multiple 
decompressive procedures and yet experience recurrent 
symptoms an active or subacute process is suspected that 
obstructs collateral circulation as it develops. This appears 
to be the situation in our series of patients who were 
evaluated by sedimentation rate and by histoplasmosis 
complement fixation titer and who demonstrated a regres- 
sion of recurrent symptoms with the use of an antihisto- 
plasmosis drug such as ketoconazole. In several patients, 
the symptoms would disappear with the ketoconazole 
and then reappear after its cessation. On reinstitution of 
the ketoconazole, the symptoms would again disappear. 
This directly proportional relationship between symp- 
toms, elevated sedimentation rate, complement fixation 
titer, and drug therapy strongly suggests a subacute or 
chronic smoldering process of the sclerosing disease. 

This same process occurred with compression of the 
trachea in 1 patient and the esophagus in another in 
which surgical decompression was followed by recurrent 
symptoms that were associated with an elevated sedimen- 
tation rate and complement fixation titers for histoplas- 
mosis. With the use of ketoconazole, the symptoms were 
alleviated, and the sedimentation rate and the comple- 
ment fixation titer for histoplasmosis were diminished. 
The same pattern evolved as with SVCO in that as soon as 
the medication was stopped, the symptoms recurred and 
then disappeared with reinstitution of ketoconazole. 

There is no fixed duration for use of the medication in 
any given patient. Arbitrarily, a treatment period of 1 year 
has been used after the cessation of symptoms. After 
tapering the drug dosage, the clinical symptoms, the 
sedimentation rate, and the complement fixation titer for 
histoplasmosis are carefully monitored to determine 
whether or not to reinstitute the drug. 

A corollary of these observations is that in patients with 
benign sclerosing mediastinitis secondary to histoplasmo- 
sis, a trial of ketoconazole may be indicated if the symp- 
toms are not life-threatening before the surgical decom- 
pression of either the SVC or vital organs. If the patients 
became asymptomatic on the medical treatment alone, a 
major surgical intervention may be averted. 

The side effects of ketoconazole have been minimal. 
One patient on several medications had a mild impair- 
ment of liver function requiring cessation of all drugs. 
However, in this patient ketoconazole administration was 
restarted at an interval phase because of symptom recur- 
rence. Amelioration of the recurrent symptoms resulted 
with no liver toxicity. 

The high incidence of histoplasmosis as an etiological 
factor in our particular series may represent the geo- 
graphic patient referral pattern of our practice. Patients 
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from Dallas and east of Dallas or from the Mississippi 
River drainage basin are highly susceptible to histoplas- 
mosis. 
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DISCUSSION 


DR MARCUS L. DILLON, JR (Lexington, KY): This is an 
interesting group of patients who are terrible to take ‘care of. I 
think it reinforced my impression about ketoconazole and its 
effectiveness with systemic histoplasmosis. The only way you 
can evaluate this is the recurrence rate, and I think you are 
running close to 100%. Amphotericin has only about a 10% 
recurrence rate in a year. It is referred to as “ampho-terrible” by 
the medical people, because we treated 190 patients with ampho- 
tericin at a hospital for patients with fungal infections and only 1 
child was not able to tolerate it. My point is that I think 
amphotericin is a much more effective primary treatment for 
systemic mycoses. 


DR JAMES W. PATE (Memphis, TN): I enjoyed very much Dr 
Urschel’s usual very dramatic and definitive treatment of this 
disease. There is one thing that worries me about it though. You 
said there were 19 patients with histoplasmosis, but you did not 
give us any proof. You remember the paper we presented at the 
Southern Surgical Association meeting many years ago in which 
we first demonstrated a correlation between caval okstruction 
and histoplasmosis. The organism was rarely recovered from the 
mediastinum or from the lymph nodes; the only place from 
which we could recover the organism with any consistency was 
the lung granuloma. You did not mention any biopsy specimens 
from the lung, and you.did not give us the serological titers. Did 
the titer go up when the patients got worse? Did it go down when 
they were treated? Was there any evidence of fluctuating titers 
that would assure us that they really did have histoplasmosis? 


DR F. G. PEARSON (Ontario, Canada): I wish to ask Dr Urschel 
about the duration of therapy and the levels of complement titer 
abnormality that would prompt him to initiate therapy. We have 
had a similar experience in terms of the cross-section of patients 
with sclerosing mediastinitis. We identified histoplasmosis in 
about half of our patients. The other half remained idiopathic. No 
organisms were seen or cultured. No patients were treated with 
ketoconazole, nor have any of our patients been treated with 
amphotericin. We were dealing with burned-out disease, and we 


URSCHEL ET AL 221 
SCLEROSING MEDIASTINITIS 


occluded subclavian vein. J Cardiovasc Surg 1988;29:572-3, 
27. Urschel HC. Discussion of [25]. 
28. Lee AW, Reed CE, Kratz JM. Superior vena cava bypass: use 
of the azygos vein. Ann Thorac Surg 1988;46:686-7. 


never considered that there could be any active, ongoing fungal 
infection. We thought it was a response to caseous material 
escaping from the nodes. 

A number of patients have chronic upper airway obstruction 
not amenable to operation. In such patients I assume you 
recommend that we do the titers. At what point would you 
recommend treatment? My other question relates to duration of 
treatment. I sense you have had 1 or 2 patients on treatment for 
prolonged periods, measured in years. 


DR URSCHEL: Proceeding in a retrograde order: I think the 
tracheal compression requires surgical intervention. You have to 
intervene anyway to look for a diagnosis, and I think to wait for 
a medical treatment on tracheal problems would be a mistake. 
The superior vena cava compression is just the opposite. You 
ought to treat it medically if you have assured yourself there is no 
malignancy present. Any titer over 1:32 we consider high. Any 
single titer measurement is not in itself diagnostic but only 
suggestive. Serial titer elevation confirms disease activity and 
dictates therapeutic management. In our experience, the titers 
have been extremely helpful in these 6 cases we are discussing. 
The last 6 of 6 cases have been histoplasmosis that we have 
documented. Doctor Pate, only 2 patients demonstrated organ- 
isms and positive cultures. All the rest were related to a rising 
histoplasmosis complement fixation titer and then a positive 
response to treatment. 

Ketoconazole is a second-line drug, which is weaker than 
amphotericin B but can be taken by mouth. If one draws a line 
between Dallas and Ft Worth, everybody living to the west will 
usually have coccidiomycosis and everybody to the east will have 
histoplasmosis. We are not treating a systemic process as much 
as a localized process, and ketoconazole is a drug patients can 
take by mouth and can stop and start easily. 

Patients with SVCO or the recurrent tracheal stenosis have 
frightening symptoms. If operation by good surgeons fails in a 
small percentage of cases, this subacute active process should be 
considered because most of these patients should either have 
development of a collateral circulation or get better with an 
operation if no active process is present. 
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Despite the nationwide shortage of heart donors, more 
patients, some of whom are critically ill, are being 
accepted as candidates for transplantation. Thus, on 
occasion, we have liberalized our donor criteria to meet 
the demand. We have recently transplanted 16 poten- 
tially infected donor hearts into critically ill recipients. 
Of these 16 donors, 7 had multiple positive blood cul- 
tures as follows: Streptococcus pneumoniae (3), Staphylo- 
coccus aureus (2), Klebsiella pneumoniae (1), and Entero- 
bacter sp (1). Seven other donors were accepted despite 
high fevers (rectal temperature >38.9°C), leukocytosis 
(>18 x 10°/L [>18,000 cells/uL]), and pulmonary infil- 
trates with positive sputa (Enterobacter [3], Klebsiella 
pneumoniae [2], and Staphylococcus [2]). Two other do- 
nors with hepatitis B surface antigen positivity were 
deemed at high risk but were used because the recipients 


Ce transplantation has evolved into an accepted 
treatment for patients with end-stage cardiac dis- 
ease, with a number of factors contributing to the general 
success of this treatment. These factors include selection 
of recipients according to definite criteria [1], improved 
techniques of acquisition and transport of the donor 
heart, improved tissue typing of both the donor and 
recipient, advances in perioperative management of the 
cardiac allograft recipient, employment of serial endomy- 
ocardial biopsies to diagnose rejection, and better proto- 
cols for achieving and monitoring effective immunosup- 
pression. With the increase in the number of cardiac 
transplant centers, however, donor availability has be- 
come a major problem, and approximately 30% of the 
candidates die while awaiting a donor heart [2]. One 
feasible approach to alleviate this problemi is to liberalize 
donor criteria. 

Many potential donors who are otherwise healthy are 
rejected because they test positive for various types of 
infection, a well-known threat to recipients who require 
chronic immunosuppression. Infection continues to be a 
major cause of morbidity and mortality in cardiac trans- 
plant patients [3, 4] despite immunosuppressive protocols 
that have been developed to reduce the risk of disease 
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were in immediate need. Early mortality (<30 days) 
among the recipients was 3/16 (18.7%) with 1 patient 
dying of uncontrolled allograft rejection, 1 of hepatic 
failure, and 1 of Pseudomonas septicemia. Late mortality 
(>30 days after operation) occurred in 6 patients: 2 


, patients died of hepatic failure, 3 died of graft athero- 


sclerosis, and 1 died of iatrogenic hemorrhage after a 
liver biopsy. Only 1 patient died of infection unrelated to 
that of the donor, and the other patients had no infec- 
tious complications resulting from the organisms identi- 
fied in their respective donors. Use of potentially in- 
fected donor hearts resulted in surprisingly few 
infectious complications in this group of recipients. This 
practice can be safe and should be considered when other 
options are unavailable. 

(Ann Thorac Surg 1990;50:222-5) 


transmission and surveillance of the donor and the har- 
vested organ for bacterial and viral organisms. Even with 
these precautions, some patients receive organs from 
donors later known to have been infected, and, occasion- 
ally, if a candidate is critically ill, transplantation is un- 
dertaken even when such facts are known prospectively. 
This report examines our data involving the use of poten- 
tially infected donor hearts and suggests, from the lessons 
we have learned, how patients who have such Means 
might be managed. 


Material and Methods 


The hospital records and follow-up donor charts of 320 
cardiac transplant recipients operated on at the Texas 
Heart Institute between July 1982 and September 1989 
were reviewed. Both orthotopic and heterotopic trans- 
plant recipients were included, and all patients received 
cyclosporine-based immunosuppression according to our 
specific protocols regarding age and renal function [5]. Of 
the 320 patients, 16 (5.0%) received hearts from poten- 
tially infected donors defined as follows: multiple (>2) 
positive blood cultures (7 patients); leukocytosis (>18 x 
10° L [>18,000 cells/uL]) in conjunction with positive 
sputa, pulmonary infiltrates, and a rectal temperature 
>38.9°C (7 patients); or the serologic presence of hepatitis 
B surface antigen (HBsAg) (2 patients). All 16 patients 
were in the intensive care unit at the time of transplanta- 
tion and required various inotropic and chronotropic 
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supportive agents. In 5 (31%) of the patients, intraaortic 
balloon counterpulsation was also required. Prophylactic 
broad-spectrum antibiotics were given to all patients 
preoperatively and were continued until chest tubes and 
central venous lines were discontinued. In addition, 
pathogen-specific antibiotics were administered preoper- 
atively and continued 7 to 10 days postoperatively. Donor 
hearts were assessed at the procurement site for the 
presence of valvar vegetations, myocardial abscesses, or 
frank pus. 

The mean age of the donors was 25 years (range, 11 to 
42 years), and the causes of death included neurologic 
injuries in 12 patients, multiple trauma in 3, and a drug 
overdose in 1. The average time from the occurrence of 
fatal trauma to the donor cardiectomy was 87 hours 
(range, 24 to 336 hours). The recipient group comprised 12 
men and 4 women with a mean age of 43 years (range, 11 
to 65 years). Only 2 (12%) of the recipients were insulin- 
dependent diabetics, and 4 (25%) were cytomegalovirus- 
negative. 

All donor pathogens were known preoperatively. 
Seven patients received hearts from bacteremic donors, 
including Streptococcus pneumoniae (3), Staphylococcus au- 
reus (2), Klebsiella pneumonia (1), and Enterobacter sp (1). 
Seven patients received hearts from patients with sus- 
pected pneumonia with sputa positive for Enterobacter sp 
(3), K pneumoniae (2), and S aureus (2). Two other criti- 
cally ill patients in immediate need received hearts from 
HBsAg-positive donors, with one recipient receiving hep- 
atitis B immunoglobulin preoperatively. All 16 recipients 
and, whenever possible, their donors received antibiotics 
specific for the cultured organism. All patients underwent 
orthotopic heart transplantations. 

Serial endomyocardial biopsies were obtained at weekly 
intervals and graded according to the McAllister scale [6]. 
Episodes of rejection were treated with either intravenous 
cyclosporine, corticosteroid pulses, or muromonab-CD3 
(Orthoclone OKT3) monoclonal antibody. Members of the 
Infectious Diseases Department served as consultants in 
coordinating the surveillance and treatment of any infec- 
tions. All central-line catheters were removed after 7 days, 
or sooner if fever occurred, and a new site was chosen if 
further central venous access was required. 


Results 


Of the 16 cardiac transplant recipients who received 
potentially infected donor hearts, 6 experienced advanced 
rejection (endomyocardial biopsy score = 7) within 90 
days of transplantation, but opportunistic infection (Pneu- 
mocystis carinii) developed in only 1 patient. No recipients 
became infected with or died of the pathogen identified in 
their respective donors. 

Three recipients died early in the postoperative period 
(range, 18 to 28 days), and all had received hearts from 
donors with positive blood cultures: 2 with S pneu:noniae 
and 1 with S aureus. The causes of death in these patients 
included drug-induced hepatic failure, uncontrolled rejec- 
tion (in a patient with a retrospectively positive cross- 
match), and Pseudomonas septicemia that began in the 
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urinary tract. Initial immunosuppression varied among 
these 3 recipients with 1 each having received cyclospo- 
rine and prednisone; cyclosporine, prednisone, and aza- 
thioprine; and OKT, and prednisone. 

Late deaths (>30 days after transplantation; range, 33 
days to 4.5 years) occurred in 6 patients whose donors 
had positive sputa (3), positive blood cultures (2), and 
presence of HBsAg (1). The causes of late deaths included 
graft atherosclerosis (3), hepatic failure (2), and iatrogenic 
hemorrhage after a liver biopsy in 1 of the HBsAg- 
positive-donor patients. (The biopsy results were negative 
for hepatitis.) Neither recipient receiving an HBsAg- 
positive donor heart developed serologic evidence of 
hepatitis B (range of follow-up, 33 days to 2.5 years). 

Follow-up for all patients averaged 1.6 years (range; 18 
days to 4.5 years). Among survivors, the lack of infectious 
complications specific to the donor heart pathogen has 
continued. Chronic maintenance immunosuppression 
consists of cyclosporine and corticosteroids in all survi- 
vors. Postoperative left ventricular ejection fractions in 
these recipients have been similar to those of all other 
cardiac transplant recipients at our institution, averaging 
0.54 and 0.55 at 3 and 12 months, respectively. 


Comment 


Preventing infection in the immunosuppressed allograft 
recipient remains a fundamental goal of the transplanta- 
tion strategy. Protocols including bacteriological surveil- 
lance of both the donor and the harvested organ haye 
been developed to reduce the risk of disease transmission. 
Historically, when pertinent cultures were positive, the 
allograft was not used for transplantation. 

This report describes our experience with prospectively 
recognized cardiac donor infections, most of which were 
bacterial. Although at least one report has urged caution 
in such situations [7], we were stimulated to proceed with 
transplantation despite the potential for infection, at least 
initially, by the lack of suitable donor hearts for some of 
our critically ill recipients. Untreated, donor-transmitted 
bacterial infections have been reported to cause anasto- 
motic disruptions in renal transplant recipients [8], but 
this had not been described in cardiac recipients. We were 
cautiously optimistic that, in this instance, the benefits of 
expanding our donor pool would outweigh the risks 
involved. The surprisingly good results obtained to date 
will hopefully stimulate others to study the issue in an 
effort to further define the limits of safe practice. 

Concern for the risk of donor-to-recipient transmission 
of human immunodeficiency virus (HIV) grows as trans- 
plant-related cases are reported. and the number of 
asymptomatic, potentially infected carriers increases. Re- 
ports suggest that between 0.3% [9] and 7% [10] of 
potential organ donors are seropositive for HIV, and any 
donor shown to have antibodies is believed to harbor a 
transmissible virus [11]. Human immunodeficiency virus 
infection can develop in transplant patients in two ways: 
exogenous infection transmitted by way of an HIV- 
seronegative donor allograft or by way of donor blood 
transfusions, and transplantation performed in an asymp- 
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tomatic HIV-positive recipient. There is evidence that 
primary infections with HIV from the donor organ can 
accur during the course of transplantation [12, 13] and 
that the first episode of severe opportunistic infection in 
the presence of a positive antibody test can be seen as 
early as 4 months and as late as 3 years after transplanta- 
tion [14]. The actual timing of the phlebotomy for the HIV 
test may further mislead the transplant surgeon, as the 
massive blood transfusions that are common to trauma 
patients, some of whom become donors, can yield a 
false-negative result owing to dilution [15]. . 

The problem of performing transplantation in an HIV- 
seropositive recipient is less clear. Some reports provide 
evidence that this group of recipients suffers a high 
mortality from infection because the disease itself induces 
immunosuppression [16, 17]. Other studies in liver trans- 
plant recipients suggest that the survival of HIV-positive 
recipients is essentially no different from that of recipients 
known to be negative [9]. Although it may be premature 
to make HIV infection an absolute contraindication to 
cardiac transplantation, our current approach is not to use 
HIV-positive donors or to perform transplantation in 
HIV-positive recipients until the issues are more clear. 
The specter of acquired immunodeficiency syndrome in 
the transplant population is very real. and we advise 
professional caution on both philosophical and practical 
grounds. 

Another life-threatening infection seen in cardiac trans- 
plant recipients is toxoplasmosis. Although reactivation of 
latent infections with immunosuppressive agents is cer- 
tainly possible, in most cases Toxoplasma gondii is trans- 
mitted by transplanting a seropositive donor's heart into a 
seronegative recipient [18, 19]. The diagnosis can be 
difficult, as involvement of the donor myocardium by 
toxoplasmosis interferes with the assessment of rejection. 
The infection may produce a mononuclear cellular infil- 
trate that mimics lymphocytic rejection activity, thereby 
suggesting the need for increased immunosuppression. 
Our present approach is to serologically screen both 
donor and recipient for toxoplasmosis. If a recipient was 
seronegative before transplantation and converts after 
receiving a seropositive donor heart, prophylactic py- 
rimethamine is given, and this maneuver has been shown 
to be effective [20]. 

Cytomegalovirus (CMV) is a major cause of morbidity 
and mortality in cardiac transplant recipients and has 
frequently been linked to rejection, graft atherosclerosis, 
and death [21]. As the prevalence of seropositivity for the 
CMV antibody in the general population is approximately 
40% to 45% [22], the cardiac donor shortage would be 
compounded by avoiding donors with positive CMV 
titers. Fortunately, primary CMV infections are associated 
with considerably greater morbidity and mortality than 
are simple reactivations. The use of polyvalent intrave- 
nous immunoglobulin has been shown to be beneficial in 
modifying the severity of CMV infections and in prevent- 
ing interstitial pneumonias after allogeneic marrow trans- 
plantation [23]. As part of our routine preoperative eval- 
uation, all patients are screened for prior exposure to 
CMV. Patients who are CMV-negative are given screened 


Ann Thorac Surg 
1990;50:222-5 


blood free of CMV antibodies. Cytomegalovirus-negative 
recipients who receive a CMV-positive heart are not 
treated for infection, even if they seroconvert, unless an 
overwhelming CMV infection develops. 

Transplanting donors with HBsAg positivity has been 
reported to produce equivocal success rates in renal 
transplant patients. The presence of HBsAg in kidney 
recipients apparently affects neither graft nor patient 
survival up to 2 years after transplantation [24], but it may 
have ar. unfavorable effect on long-term survival [25]. In 
neither one of our recipients with hepatitis-positive do- 
nors did HBsAg positivity develop on subsequent sero- 
logic studies. One recipient did receive hepatitis-B immu- 
noglobulin at the time of transplantation, but we currently 
do not have a standard protocol for such patients. We do 
not recommend. using hepatitis-positive donors for heart 
transplantation unless the prospective recipient is criti- 
cally ill and death is imminent. If HBsAg is detected 
retrospectively in the donor, our current plan is not to 
treat the recipient unless problems occur. 

In conclusion, our study suggests that recipients can ` 
have safe transplants from donors having noncardiac 
bacterial infections, although the number of patients is too 
small to make either specific or lasting recommendations. 
We can state that if one of our prospective recipients is 
critically ill and using a heart from an infected donor 
appears to be the only (or best) option, we will proceed 
with transplantation. Although the principle may seem 
unsound, this strategy has worked well in practice. Until 
the donor shortage dilemma is resolved or more effective 
means are devised for treating end-stage cardiac disease, 
the cautious expansion of donor criteria will be necessary. 
The practice of accepting potentially infected donor hearts 
for transplantation creates surprisingly few infectious 
complications in the recipients, can be safe, and should be 
considered when other options are unavailable. 
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DISCUSSION 


DR WILLIAM A. BAUMGARTNER (Baltimore, MD): This is a 
topic that is somewhat controversial, as are all of the ways to 
increase the number of donors. I think part of the key to 
accepting donors with systemic infection is the time from which 
the diagnosis was made and antibiotics were started. How long 
were the donors treated before cardiectomy was performed in the 
patients who had bacteremia? 

My second question revolves around another extension of 
donor criteria, and that is the age at which one accepts donor 
hearts. I noticed that in the late deaths, 3 of the 6 patients died of 
graft atherosclerosis, and that has been linked in the past to an 
older-aged donor. Were these patients in whom graft atheroscle- 
rosis developed older than the traditionally accepted donor age of 
35 years? 


DR LAMMERMEIER: The majority of the donors were noted to 
be on pathogen-specific antibiotics once bacteremia was diag- 
nosed. If not, they were placed on antibiotics once our trensplant 
coordinators were notified of such a potential donor. The major- 
ity of bacteremic donors were placed on antibiotics for approxi- 
mately 48 hours pricr to cardiectomy. All recipients were admin- 
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istered preoperative pathogen-specific antibiotics, which were 
continued 7 to 10 days postoperatively. 

The 3 recipients who died as a result of graft atherosclerosis 
received hearts from donors less than 40 years of age. 


DR SAFUH ATTAR (Baltimore, MD): I think in our enthusiasm 
to treat sick patients, we forget that the means will not justify the 
end or the end will not justify the means. I am sure you have 
considered the ethical and legal problems involved in this aspect. 
I would be interested to know what were your deliberations 
before you accepted taking infected hearts and using them as 
donors. 


DR LAMMERMEIER; The idea of using hearts from infected 
donors was not considered in our early transplant experience. 
However, when approximately 30% of our transplant candidates 
died because of donor organ shortage, we began accepting 
potentially infected donor hearts in select cases. Thus far, al- 
though our series is small, the strategy has worked well, and we 
continue to consider the use of such donors for candidates when 
no other options are available. 
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From 1981 to 1989, 60 patients more than 80 years of age 
were referred for operation for severe calcific aortic 
stenosis. All patients were symptomatic: 13 in New York 
Heart Association (NYHA) functional class II, 28 in class 
III, and 19 in class IV. The preoperative mean cardiotho- 
tacic ratio was 0.58 + 0.09; the mean valve area, 0.52 + 
0.14 cm?; and the mean aortic valve gradient, 62 + 18 mm 
Hg. Left ventricular function was impaired in 30 patients 
(ejection fraction < 0.40). Coronary arteriography was 
performed in 10 patients. Aortic replacement used bio- 
prosthesis in all 60 patients associated with aortocoro- 
nary bypass (in 5) and mitral valve replacement (in 1). 
One-month mortality rate was 28% (17 patients) due to 
cardiac failure (in 9), pulmonary complications (in 6), 
and neurological complications (in 2). Early mortality 
was not correlated with preoperative angina, cardiotho- 


n the past 10 years, cardiac operation in patients more 
than 70 years of age has become a routine procedure, 
and a number of reports have been published on the 
higher but acceptable perioperative mortality and morbid- 
ity rate in this select population [1-6]. Patients more than 
80 years old are now frequently referred to cardiac sur- 
geons. However, few papers so far have focused their 
attention on octogenarians, who show more controversial 
results than those of septuagenarians in term of feasibility 
[7-9]. 

This report describes our experience with open heart 
operation in 60 octogenarians referred homogeneously 
over an 8-year period to an aortic valve replacement for 
severe calcific aortic stenosis. Predictive factors of early 
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mortality and morbidity are discussed, and indications are 
identified as tolerable-risk and high-risk patients. 


Material and Methods 


Aortic valve replacement in patients more than 80 years of 
age have been performed since the middle of 1981 in our 
institution, and this series concerns 60 patients operated 
on up to July 1989. Anesthesiological protocol was the 
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racic ratio, associated operation, and cross-clamping 
time. It was not obviously correlated with preoperative 
functional class but correlated positively with urgent 
operations and with left ventricular function (40% mor- 
tality in patients with ejection fraction < 0.40 versus 16% 
mortality in others). Hospital morbidity was 68%. Mean 
hospitalization was 15 + 7 days. There were four late 
deaths. Thirty-nine patients are long-term survivors (3 
months to 7 years): 27 in class I, 10 in class II, and 2 in 
class III due to primary valve failure. The actuarial 
survival probability is 65% at 1 year and 61% at 5 years. 
In summary, the good long-term quality of life justifies 
the high postoperative risk in octogenarians. Early oper- 
ation bezore cardiac function impairment improves the 
results. 

(Ann Thorac Surg 1990;50:226-9) 


same thtoughout this period, extracorporeal circulation 
was performed with a membrane oxygenator, and myo- 
cardial protection used cold crystalloid cardioplegia solu- 
tion addzd to topical cooling. In all patients, a biological 
valve wes implanted: 44 pericardial valves (Mitroflow in 
26, Carp2ntier-Edwards in 10, Sorin Pericarbon in 6, and 
Ionescu-Shiley in 2), and 16 porcine valves (Wessex in 8, 
Hancock in 6, Liotta in 2). An associated procedure was 
performed on 6 patients: a single venous bypass graft on 
the left anterior descending coronary artery in 4, a double 
venous bypass graft on the left anterior descending and 
right ccronary arteries in 1, and a mitral valve replace- 
ment by bioprosthesis in 1. 

Data included patient age and sex, admitting diagnosis 
and clirical symptoms, New York Heart Association 
(NYHA) functional class, cardiothoracic ratio on chest 
roentger.ography, renal function, echographic or angio- 
graphic 2valuation of left ventricular function, and coro- 
nary arteriography if performed. Aortic cross-clamping 
time was recorded. Postoperative course was followed up 
in terms of bleeding, cardiac and renal status, assisted 
ventilation duration, and neurological events. Early mor- 
tality was defined as death within 30 days of the initial 
procedure. 

Follow-up information from the cardiologists was ob- 
tained on all 60 patients, and was added to the patients’ 
physical examination performed by surgeons when these 
patients were still alive. 

Data are presented as mean + standard deviation. 
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Fig 1. Annual activity of aortic valve replacement for severe aortic 
stenosis in octogenarians through an 8-year period. 


Statistical comparisons among preoperative and postop- 
erative factors were made by x° test for discrete variables 
or by Student’s ¢ test for continuous variables, and the 
significance level chosen was p < 0.05. Actuarial survival 
of the 60 patients was calculated by the Kaplan-Meier 
method. 


Results 


Among the 60 patients, 27 were male and 33 were female 
(age range, 80 to 88 years; mean, 82 + 3). The number of 
operations performed every year was small until 1986, 
then increased considerably after that time; its percentage 
of the overall activity in our department went from 0.3% 
in the first 6 years to 2% in 1988 (Fig 1). All patients had 
severe calcific aortic valve stenosis confirmed at the time 
of operation. Mean aortic valve area was 0.52 + 0.14 cm* 
and mean left ventricle-aorta gradient was 62 + 18 mm 
Hg. Preoperative major symptoms are shown in Table 1. 
Thirteen patients were in New York Heart Association 
class II; 28, in class HI; and 19, in class IV. From the latter 
group, 6 patients underwent operation on an emergency 
basis, defined as immediate operations in hemodynami- 
cally unstable patients. Cardiothoracic ratio was more 
than 0.50 in all patients (range, 0.51 to 0.64; mean, 0.58 + 
0.09). 

Left ventricular function was considered impaired 
when ejection fraction was less than 0.40 or shortening 
fraction was less than 0.22. Thirty patients responded to 
these criteria. A history of possible coronary disease was 
found in 25 patients, but a coronary arteriography was 
performed in only 10 patients (17%) leading to an associ- 
ated coronary gesture in 5 patients (8.5%) as previously 
mentioned. The small number of coronary arteriographies 
was related to many cardiologists’ reluctance in proposing 
such a procedure to very old patients with evident signs 
of severe aortic stenosis. Six patients had a previous 
balloon aortic valvoplasty followed by an immediate re- 
stenosis. 

Preoperative renal function was considered good for 
these patients of advanced age when plasma creatinine 
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level was less than 120 umol/L (1.4 mg/dL). Forty-three 
patients were in this criteria. Seventeen patients had some 
type of renal insufficiency (creatinine level, 120 to 226 
pmol/L [1.4 to 2.6 mg/dL]). The operations were per- 
formed with a mean aortic cross-clamping time of 77 + 23 
minutes (range, 46 to 159 minutes). 

Early death occurred in 17 patients (28%). Nine patients 
died of a cardiac cause; 5, of myocardial incompetence 
with immediate death (2 in the operating room who could 
not come off bypass); and 4, of major sudden irreversible 
rhythm disorder in the following days. Six patients died 
of a pulmonary cause with prolonged assisted ventilation 
followed by multivisceral failure. Two patients died of a 
neurological reason: 1 was unconscious at the time of 
operation and never recovered, and the other had a stroke 
after 3 weeks. 

As predictive factors of early mortality, no statistical 
significance could be pointed out concerning preoperative 
proportion of angina or syncope, preoperative distribu- 
tion of cardiothoracic ratio (0.59 + 0.04 in early-death 
group versus 0.57 + 0.05 in survivors), preoperative 
coronary arteriography, duration of aortic cross-clamping 
time (77.2 + 20 minutes in early-death group versus 76.9 
+ 25 minutes in others), or the existence of an associated 
surgical procedure; two early deaths (33%) occurred 
among the 6 patients with combined procedures. Preoper- 
ative renal dysfunction showed a trend toward being a 
bad prognosis factor (creatinine level 126 + 48 umol/L [1.4 
+ 0.5 mg/dL] in early-death group versus 106 + 30 umol/L 
[1.2 + 0.3 mg/dL] in survivors), but the level of statistical 
significance was not reached (p = 0.08). Among the 17 
patients in the early-death group, 47% were in preopera- 
tive class IV, 35% were in class III, and 18% were in class 
II; but no statistical significance could be pointed out 
compared with the early-survival group in which 26% of 
the patients were in class IV, 51% were in class II, and 
23% were in class Il. However, operation on an emer- 
gency basis seemed to indicate a bad prognosis as 10% of 
the 60 patients were in this preoperative criteria and 30% 


Table 1. Major Preoperative Findings in the 60 
Octogenarians Who Underwent Aortic Valve Replacement 


No. of Percentage 
Variable Patients (%) 
Symptoms 
Angina 43 72 
Syncopa 16 27 
Functional class* 
IV 19 32 
Il 28 47 
I 13 21 
Risk factors 
Smoking 7 12 
Hypertension 13 21 
Diabetes 6 10 
Obesity 6 10 


a New York Heart Association. 
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of the early-death group were urgent cases (p < 0.01). 
Early mortality was 40% in the group of 30 patients with 
impaired left ventricular function and 16% in the remain- 
ing 30 patients with better left ventricular function. This 
difference was significant (p < 0.05). Furthermore, it is 
interesting to note that early mortality was 35% in patients 
operated on before 1988, which significantly differed from 
19% mortality in people operated on after 1988 (p < 0.05). 

Hospital morbidity occurred in 41 patients (68%) with 
prolonged low cardiac output in 13 patients (11 patients 
had an impaired preoperative left ventricular function), 
pulmonary edema in 11, acute renal insufficiency in 9, and 
pulmonary sepsis in 8. Thirty-five percent of the patients 
had assisted ventilation for more than 24 hours postoper- 
atively. Two patients (3.3%) returned to the operating 
room for excessive bleeding. Seventeen patients (28%) 
had postoperative atrial fibrillation medically treated. 
Mean duration of hospitalization for survivors was 15 + 
7.5 days, which was about 4 days more than the usual 
overall mean time spent in our department. One patient 
had prolonged hospitalization (3 months) owing to sternal 
wound infection. 

Four late deaths were recorded: one, at 4 months in a 
woman whose general condition worsened progressively 
because of anorexia and who died of cachexia; two, at 14 
months and 4 years, because of irreversible chronic car- 
diac failure; and one caused by breast cancer 5 years after 
the operation. i 

Among the 39 long-term survivors (3 months to 7 
years), all are ambulatory; 27 are in functional class I and 
10 are in class II (Fig 2). Two patients, 87 and 85 years of 
age, are in class III because of primary valve failure of 
their biological prosthesis at 18 and 70 postoperative 
months, respectively. Some problems were encountered 
in the long-term survivors such as the need for pacemaker 
implantation (1), the need for operation for hip prosthesis 
(1) or angina (2), medically treated breast cancer (1), and 
some type of temporospatial disorientation requiring psy- 
chiatric treatment (2). The overall actuarial survival curve 
shows a 65% survival rate at 1 year and a 61% survival rate 
at 5 years, which 5 patients of this series have passed (Fig 
3). 


Comment 


Cardiac operation in patients more than 70 years of age 
has been widely documented [1-6]. Perioperative mortal- 
ity has ranged from 3% to 50% in the different series, the 
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Fig 2. Preoperative and postoperative New York Heart Association 
(NYHA) classification functional status of 39 long-term survivors. 
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Fig 3. Actuerial survival curve for the 60 patients with vertical bars 
showing stardard errors. The numbers in parentheses below the curve 
denote patierts at risk, 


high deviztion being explained by differences in selection 
of the pat-ents and type of cardiac operation, as well as 
changes in myocardial protection in the period of report 
publication [2, 10]. The risks have been considered to be 
acceptable in these septuagenarians, with a worse prog- 
nosis in patients who had valve replacement (especially 
mitral valve replacement) and in patients who had emer- 
gency operation, were in preoperative class IV, had renal 
dysfuncticn, and had impaired left ventricular function 
(1, 4, 6, 12-13]. 

Few reports have focused their data on patients more 
than 80 years old. The earlier reports published small 
numbers cf cases [7], and the more recent works gathered 
a wide vaziety of cardiac surgical procedures [8, 14, 15]. 
The present series is one of the biggest reported so far on 
octogenarians referred for a similar cardiac surgical pro- 
cedure in a relatively small period of time [9]. Sixty 
patients underwent an aortic valve replacement for severe 
calcific aoztic stenosis over an 8-year period. Early mor- 
tality was 28%, which is comparable with the series of 
operations performed by Edmunds and co-workers [8] on 
patients including those at high risk. This mortality rate 
was highly correlated with the emergency of the opera- 
tion and with the preoperative left ventricular function 
status. Six patients were treated on an emergency basis, 
and 5 of them died early. Fifty percent had preoperative 
left ventricular function impairment, and early mortality 
was 40% in this group compared with 16% early mortality 
in the group with good left ventricular function. Further- 
more, growing experience in selection and management 
of octogenarians in our experience led to a significant 
decrease b 10% in the past year’s early mortality rate [7, 
9, 14, 15]. Patients in preoperative functional class IV and 
with rena. dysfunction showed a trend toward a greater 
early mor-ality rate, but this difference did not reach the 
level of statistical significance as it did in other studies [10, 
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13] probably because of insufficient number of patients 
reported here. 

Hospital morbidity in this series was unusually high 
(68%) as compared with routine cardiac operaticns. This 
figure is observed in all series on patients with advanced 
age [7-9]. The most striking remark is the small number of 
patients with neurological events (8%) compared with 
patients with cardiac (30%), pulmonary (45%), and renal 
(22%) complications [7]. Five patients had nevertheless 
some type of encephalopathy, all but 2 recovered in a 
variable period of time through the first month. Incidence 
of sternal wound infection (3.3%) and of immediate post- 
operative bleeding requiring reoperation (3.3%) was not 
higher than in current open heart operations. Ccntrary to 
other reports [3], hemorrhagic complications during fol- 
low-up were not a problem as most of the living patients 
(91%) could be weaned from anticoagulation therapy; the 
main reason for this was the use of a biological prosthesis 
in all patients. 

Long-term quality of life and survival rate are particu- 
larly encouraging and might justify by themselves the 
acceptability of open heart operation in octogenarians. 
The survival is comparable with the general survival curve 
of unselected octogenarians with “normal” life [16] and, 
most of all, the benefit of the operation is tremendous 
because 70% of the survivors are in class I, 25% are in class 
IL, and all living patients find a subjective improvement. 
One point has to be noted. The 2 patients in class III had 
a malfunctioning bioprosthesis by primary valve failure 
after 18 and 70 months (one porcine valve, one pericar- 
dial). As far as anticoagulation is concerned, the use of a 
bioprosthesis in octogenarians is recommended [4, 6, 11, 
17], but will lead to the problem of therapeutic manage- 
ment of primary valve failure in patients more than 85 
years of age! 

Balloon aortic valvoplasty has been proposed as an 
alternative to operation in the treatment of aortic valve 
stenosis [18]. Nevertheless, published hospital mortality 
ranged from 3% to 10% [19-21], and hospital morbidity 
was from 10% to 25%. Furthermore, immediate restenosis 
(within 72 hours) occurred in 25% of patients, and 66% 
had restenosis within 6 months [21]. Finally, actuarial 
survival curves showed less than 80% survival at 1 year, 
and functional improvement did not occur in all patients. 

In summary, it appears acceptable to propose an oper- 
ation for severe aortic stenosis to octogenarians with 
unmanageable cardiac symptoms, preferentially before 
onset of left ventricular impairment. 
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Preservation of Myocardial Function and 
Biochemistry After Blood and Oxygenated 
Crystalloid Cardioplegia During Cardiac Arrest 
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We compared the ability of blood cardioplegia and 
oxygenated crystalloid cardioplegic solutions to maintain 
regional left ventricle contractility and adenosine triphos- 
phate levels after cardiopulmonary bypass. Ten baboons 
were subjected to 90-minute cardiopulmonary bypass 
conducted at 28°C. Hemodynamic measurements were 
made before and after the bypass procedure, and biop- 
sies for high-energy phosphate determinations were per- 
formed at different time intervals during and after by- 
pass. The results showed improved maintenance of 
myocardial contractility (measured with the regional 
end-systolic pressure—-length relationship) with the oxy- 
genated crystalloid solution. Expressed as a percentage 
of values before bypass, contractility after bypass aver- 


he advantages of an oxygenated crystalloid cardiople- 

gic solution during elective arrest are well established 
[1-3]. Similarly, use of blood cardioplegia (BC) is associ- 
ated with excellent preservation of myocardial function 
after cardiopulmonary bypass procedures [4-7]. Although 
comparisons have been made between nonoxygenated 
crystalloid solution and BC [5, 6, 8], few studies have 
compared an oxygenated crystalloid solution with BC [7, 
9]. The results were contradictory: some indicated that BC 
was superior to oxygenated crystalloid cardioplegia 
(OCC) [7], whereas others failed to demonstrate a differ- 
ence [9, 10] in circumstances relevant to our clinical 
practice. None of the published information addressed 
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the question of myocardial contractility using an indepen- 
dent index, however. Therefore, this study compared the 
efficacy of BC and OCC in preserving myocardial contrac- 
tility in the first 20 minutes after the cardiopulmonary 
bypass period. 


Material and Methods 


This study was approved by the Ethics Committee of the 
Faculty of Medicine of the University of Stellenbosch. The 


Accepted for publication Feb 22, 1990. 


Address reprint requests to Prof Coetzee, Department of Anesthesiology, 
University of Stellenbosch Medical School, PO Box 63, Tygerberg 7505, 
South Africa. 


© 1990 by The Society of Thoracic Surgeons 


aged 81.69% + 4.81% and 80.47% + 10.05%, respectively, 
after 10 and 20 minutes using the oxygenated crystalloid 
cardioplegia. For blood cardioplegia, the corresponding 
values were 71.9% + 8.73% and 64.99% + 8.60% (mean + 
standard error of the mean). The 10- and 20-minute 
postbypass values between the two groups differed sig- 
nificantly (f test, Welch modification: p = 0.0464 and p = 
0.0342). Myocardial adenosine triphosphate level was 
higher immediately after induction of cardiac arrest 
when blood cardioplegia was used (blood cardioplegia, 
6.82 mol-g wet wt ?; crystalloid cardioplegia, 4.95 
mol - g wet wt~7; p = 0.0314), but values subsequently 
equalized. 

(Ann Thorac Surg 1990;50:230-7) 


animals were cared for in accordance with national and 
institutional guidelines. 

Ten baboons (Chacma pupio ursinus, weighing 25 to 30 
kg) were used. Anesthesia was induced with intramuscu- 
lar ketamine, 15 mg - kg~'. The animals were intubated 
and mechanically ventilated with nitrogen (60%) and 
oxygen (40%) (Bird MK4, Bird Corp, Palm Springs, CA). 
The ventilatory frequency was kept constant at eight 
breaths per minute, and the tidal volume was varied to 
maintain the arterial carbon dioxide tension between 34 
and 38 mm Hg. Anesthesia was maintained for the 
duration of the study with 0.5% halothane vaporized from 
a calibrated vaporizer (Ohmeda, England). Normal saline 
solution was infused at a constant rate of 5 mL: kg? 
(total volume, 250 mL) and the temperature, measured 
from the esophagus (Yellow Springs Instruments, Yellow 
Springs, OH), was maintained between 36.5° and 37.3°C 
with an undertable heating system. 

A stiff 16-gauge catheter was inserted into the femoral 
artery and advanced into the aorta. This catheter was 
connected to a pressure transducer (AE 840, Horten, 
Norway) for determination of aortic pressure. Through 
one femoral vein, a 7F pulmonary artery catheter (Amer- 
ican Edwards, Santa Ana, CA) was floated into the 
pulmonary artery (PA) and connected to a transducer 
similar to the first. This catheter and transducer recorded 
PA pressure and PA wedge pressure (PAWP). Cardiac 
output (CO) was obtained from a manual injection of 5 
mL 5% cold dextrose for 4 seconds into the proximal port 
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Fig 1. The end-systolic pressure-length relationship (Ees) obtained 
from a number of subsequeni beats in which the afterload was in- 
creased. The slope of the line Ees is an index of myocardiai contractil- 
ity. (LV = left ventricular.) 


of the PA catheter. A computer (Spectramed, Oxnard, 
CA) calculated the CO; the mean of three CO determina- 
tions is reported. The coefficient of variation for the 30 
triplicate determinations was 2.4%. Through the other 
femoral vein, a central venous pressure (CVP) cannula 
was positioned in the right atrium. An occlusion catheter 
(Fogarty 81/14, Edwards Laboratories, Santa Ana, CA) 
was introduced into the femoral artery and positioned 
with its tip just above the diaphragm. 

After the cazheters were placed, a median sternotomy 
was performed and the pericardium was opened. A stiff 
catheter (8F) was sutured into the left ventricle apex; 
connected to a pressure transducer (AE840, Horten), and 
used for continuous registration of left ventricular (LV) 
pressure. During bypass, this cannula acted as an LV 
vent. Zero value for all pressure measurements was taken 
at the level of the LV apex. 

Microsonometry was used to register regional myocar- 
dial dimensions [11]. Two piezoelectric crystals were 
implanted in the LV subendocardium, midway between 
the apex and base of the heart and approximately 1 cm 
lateral to the left anterior descending coronary artery. We 
attempted to position the crystals 1 cm apart to minimize 
the scatter of the recorded data. The signals from the 
crystals were recorded, processed (Schuessler and Assoc, 
Cardiff-by-Sea, CA), and displayed on an oscilloscope 
(Textronics, Guernsey, Channel Islands). The crystals 
registered the maximum segmental length at the end of 
diastole (just before the opening of the aortic valve) and 
the minimum segmental length at the time the aortic valve 
closed. The difference between maximum and minimum 
segmental length is segmental systolic shortening, and 
this could be normalized for maximum segmental length 
and expressed as a percentage. By combining the LV 
pressure signal and the segmental length changes, we 
registered a continuous pressure-length loop (Fig 1). 

Aortic and mixed venous blood gases and hemoglobin 
(Hb) concentration were measured regularly before and 
during cardiopulmonary bypass (AVL Gas Check, Swit- 
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zerland; BMS, Buffalo, NY; IL 143, Lexington, MA; Radi- 
ometer, Copenhagen, Denmark). Corrections were made 
when necessary to maintain the variables within the 
physiological range. Electrolytes were measured in arte- 
rial blood (SMAC 11, Technicon, England). 

The animal was heparinized (3 mg: kg * heparin) 
through the central venous line, and venous (right atrial) 
and aortic cannulas were inserted. The animal was placed 
on cardiopulmonary bypass using a clear prime (in 
mmol « L7!: Na*, 130; K*, 4; Mg?*, 3.0; CI”, 110; pH, 7.4; 
273 mosm + L~3), A roller pump (Sarns 3750, Sarns, Ann 
Arbor, MI) delivered flow (70 to 90 mL - kg~*), which was 
adjusted to maintain the arterial pressure between 70 and 
85 mm Hg for the duration of bypass. After partial bypass 
was established, the temperature of the animal was re- 
duced to 28°C and was maintained for the duration of the 
bypass (105 + 4.3 minutes). 

Total bypass was instituted, and the left ventricle was 
emptied. When ventricular fibrillation occurred, the aortic 
cross-clamp was applied and the cardioplegic solution 
infused. The cross-clamp remained on the aorta for 90 
minutes. After infusion of the designated volume of 
cardioplegic solution (described below), a transmural LV 
biopsy was taken with a modified dental drill [12]. The 
biopsy specimens were taken 1 cm superior and lateral to 
the segment from which the segmental lengths were 
recorded. The specimen was immediately stored in liquid 
nitrogen until extraction of high-energy phosphates. 
Analyses were done using a high-performance liquid 
chromatography technique as described previously [13]. 

At the end of bypass, the animal was rewarmed to 37°C 
and bypass was terminated. The cannulas were removed 
within 10 minutes after volume challenges were applied 
to restore the PAWP and CVP to approximate prebypass 
values. No inotropes, calcium, or protamine were admin- 
istered. 

The heart was allowed to function for 20 minutes once 
the cannulas were removed. Thereafter, the experiment 
was terminated with an injection of pentobarbital fol- 
lowed by KCl. The position of all the catheters was 
confirmed at postmortem examination. 


Cardioplegic Solution 


Two cardioplegic solutions were used (Table 1). Selection 
was made by a blind card draw, and each group consisted 
of 5 animals. Asystole was achieved with an infusion of 10 
mL + kg? of the solution; during bypass, 5 mL - kg~' of 
either solution was administered every 20 minutes at a 
constant pressure of 50 mm Hg through a closed system 
kept in ice. The temperature of the solution before enter- 
ing the aortic root was approximately 4°C. 


BLOOD CARDIOPLEGIA. Blood cardioplegia was constituted 
by mixing 250 mL of the animal's blood (after institution 
of bypass) with 250 mL of Plasmalyte B (Sabax, Johannes- 
burg, South Africa). Ten millimoles of KC] was added to 
the initial solution, and 5 mmol was added to the subse- 
quent solutions (5 animals). 
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Table 1. Composition of Cardioplegic Solutions" 
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Oxygenated Crystalloid 


| Variable Blood Cardioplegia Cardioplegia 
Temperature (°C) 4.20 + 0.02 4.00 + 0.01 
Hb (g/dL) 4.49 + 0.43 0.00 
PO, (mm Hg) 332.62 + 20.21 436 + 20.2° 
Na* (mmol/L) 132.42 + 1.21 132.43 + 1.40 
K* (mmol/L) 25.1 + 1.2 (8.21 + 1.20) 23.5 + 1.2 (7.28 + 0.70) 
CI” (mmol/L) 133 + 2.21 129 + 1.02 
Ca?* (mmol/L) 3.48 + 0.20 1.18 + 0.01° 
Mg?* (mmol/L) 1.16 + 0.07 3.00 + 0.02° 
PO (mmol/L) 0.45 + 0.10 0.00 
Albumin (g/L) 12.62 + 0.70 0.00 
HCO; (mmol/L) 33.21 + 2.21 43.02 + 1.20° 
pH 7.63 + 0.01 7.38 + 0.10 
a Values are the mean + standard error of the mean for all samples of a particular cardioplegic solution (n = 25). The value indicated for K* (outside 
Peer) are values for the initial cardioplegia (n = 5). The values in parentheses are representative of all the subsequent doses (n = 20). bp< 


Ca?t = calcium; Cl- = chloride; 
sodium; PO, = oxygen tension; 


Hb = hemoglobin; 
PO, = phosphate. 


OXYGENATED CRYSTALLOID CARDIOPLEGIC SOLUTION. Oxy- 
genated crystalloid cardioplegic solution consisted of Plas- 
malyte B to which 20 mmol of KCI and 1.20 mmol of CaCl, 
was added. Oxygen (100%) was continuously bubbled 
through the crystalloid solution (5 animals). 


Hemodynamic Measurements and Calculations 


Measurements were taken after calibration and verifica- 
tion of the zero pressures. A microcomputer collected 
data directly, and sampling was performed at 200 Hz for 
5 seconds, 10 seconds after the endotracheal tube was 
disconnected (zero airway pressure). Three measure- 
ments were made during the course of the experiment: 
M1, immediately before placement of the bypass cannu- 
las; M2, 10 minutes after termination of the bypass and 
removal of the cannulas; and M3, 20 minutes after re- 
moval of the cannulas. 

Apart from the primary pressure and CO recordings, 
the heart rate was calculated from the LV pressure signal. 
The end-systolic pressure (in mm Hg) is the LV pressure 
at the time the aortic valve closes. 

The following calculations were performed on the pri- 
mary data: Mean arterial pressure (MAP, in mm Hg) was 
calculated by the computer from the area under the aortic 
pressure recording. Mean pulmonary artery pressure 
(MPAP, in mm Hg) = (systolic PA pressure — diastolic PA 
pressure)/3 + diastolic PA pressure. Left ventricular 
stroke work (LVSW, in g m) = 0.00136(MAP — PAWP) 
x stroke volume (SV). Right ventricular stroke work (in 
g: m) = 0.00136 (MPAP — CVP) x SV. Systemic vascular 
resistance (in dynes - s - cm~") = MAP — CVP x 80/CO. 
Pulmonary vascular resistance (in dynes:s+cm™°) = 
MPAP — PAWP x 80/CO. Arterial oxygen content (CaOQ,, 
in mL » 100 mL blood~?) = (0.0139 x Hb x arterial oxygen 
saturation [SaO,]) + (0.0031 x arterial oxygen tension). 
Mixed venous oxygen content (CVO,, in mL +100 mL 


HCOZ = bicarbonate; 


K* = potassium; Mg?* = magnesium; Na* = 


blood~*) = (0.0139 x Hb x venous oxygen saturation 
[SvO,]) + (0.0031 x arterial oxygen tension). Arteriove- 
nous oxygen difference [(a — ¥)O,, in mL- 100 mL 
blood™+] = CaO, — CVO . Oxygen consumption (VO,, in 
mL + min7') = CO x (a — ¥)O,. Oxygen delivery (DO,, in 
mL + min~') = CO x CaO.. 


END-SYSTOLIC PRESSURE-LENGTH RELATIONSHIP. Segmental 
myocardial contractility was quantified with the end- 
systolic pressure-length relationship, which was obtained 
from the pressure-length loop (Fig 1). The aortic occlusion 
balloon was used to increase the proximal aortic pressure 
over five to eight beats. This led to an increase in LV 
pressure. The computer recognized the maximum pres- 
sure-length ratio for each of the beats and then used these 
points in a linear regression (least-squares) calculation to 
determine the slope (Ees) and x-axis intercept; Ees is an 
index of regional myocardial contractility [14-16]. By 
simple mathematical manipulation, the segment length at 
the time of zero LV pressure could be calculated. This is 
represented as the intercept of Ees on the length axis (in 
millimeters). Regional LV work was obtained from the 
area under Ine pressure-length loop [17]. 


MYOCARDIAL ADENOSINE TRIPHOSPHATE. Transmural LV 
drill biopsy specimens were taken for determination of 
tissue adenosine triphosphate (ATP) [13] at the following 
times: immediately after asystole was achieved and initial 
infusion of the cardioplegic solution (B1); 30 minutes after 
the initial biopsy (B2); 60 minutes after the initial biopsy 
(B3); 90 minutes after the initial biopsy (B4); and 20 
minutes after cardiopulmonary bypass was terminated 
and the cannulas were removed (after registration of the 
final hemodynamic data and before termination of the 
experiment (B5). 
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Table 2. Myocardial Adenosine Triphosphate Concentrations* 





ATP Concentration 
(mol - g wet weight™’) 





Oxygenated 
Blood Crystalloid 
Biopsy Time Cardioplegia Cardioplegia 
B1 After cardiac arrest 6.82 + 0.44 4.95 + 0.82° 
B2 30 min after arrest 6.55 + 0.70 6.74 + 1.42 
B3 60 min after arrest 5.03 + 0.89 5.51 +1.45 
B4 90 min after arrest 4.98 + 0.52 4.07 + 1.02 
B5 20 min after termination 4.56 + 1.32 4.48 + 0.32 
of bypass 


a Values are the mean + standard error of the mean. Statistical analysis 
was performed tetween blood and oxygenated crystalloid cardiople- 
gia. P p< 0.05. 


ATP = adenosine triphosphate. 


Statistical Analysis 

The unpaired t test was applied when the two groups 
were compared, and the a value was prospectively set at 
0.05. If, however, the variances differed significantly, the 
Welch modification of the t test was used [18]. Normality 
was checked; if the residuals were appreciakly nonnor- 
mal, the Wilcoxon rank-sum test was applied. 

For comparison of data from a singlé group, repeated- 
measures analysis of variance was used. If the F value 
indicated a significant difference, specific differences were 
sought with the Student Newman-Keuls test. 


Results 


Control Values 

Comparison of the values obtained at M1 failed to dem- 
onstrate any differences between the two groups except 
for the ATP concentration, which was significantly higher 
in the BC group (p = 0.0314) (Table 2). 


Blood Cardioplegia 


The following variables showed significant change (Tables 
3, 4): MAP, F = 5.18 and p = 0.0174; Hb, F = 20.48 and p 


= 0.0001; (a — v)O,, F = 4.77 and p = 0.029: SYO, F = - 


4.20 and p = 0.030; and venous oxygen tension (PvO,), F 
= 4.21 and p = 0.022. 

The MAP decreased from M1 to M2 (p = 0.029) and 
from M1 to M3 (p = 0.0071). No difference was observed 
between M2 and M3. The Hb level decreased from M1 to 
M2 (p = 0.0004) and from M1 to M3 (p = 0.0008). 

The (a — ¥}O, decreased from M1 to M2 (p = 0.013) and 
from M2 to M3 (p = 0.0071). There was no difference 
between M1 and M3. The SVO, decreased from M1 to M2 
(p = 0.010) and M3 (p = 0.007), and a similar tendency 
was demonstrated for PVO, (p = 0.011, p = 0.032). 

Although there was a tendency for the myocardial ATP 
content to decrease during the course of the experiment, 
the changes were not significant (F = 1.110, p = 0.396). 


Oxygenated Crystalloid Cardioplegia 


The following variables differed significantly (see Tables 
3, 4): systemic vascular resistance, F = 5.76 and p = 0.018; 
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S7O,, F = 4.58 and p = 0.033; and Hb, F = 6.33 and p = 
0.013. 

Specific measurement times analysis showed that the 
Hb level decreased from M1 to M2 (p = 0.016) and from 
M1 to M3 (p = 0.005). M2 and M3 did not differ. The 
systemic vascular resistance decreased from M1 to M2 (p 
= 0.017) and from M1 to M3 (p = 0.33). Again there was 
no difference between M2 and M3. The SYO, decreased 
from M1 to M2 (p = 0.025) and from M1 to M3 (p = 0.033). 
M2 and M3 did not differ. Adenosine triphosphate con- 
centration remained unchanged (F = 1.213, p = 0.345) 


Comparison of Blood Cardioplegia and Oxygenated 
Crystalloid Cardioplegia 

Values of Ees failed to indicate significant differences 
between M2 and M3 (Table 5, Fig 2). (M2, Welch modifi- 
cation, “effective” degrees of freedom = 4.868 and p = 
0.584; M3 values, p = 0.295.) When Ees was expressed as 
a percentage of M1 (prebypass control) [(M2 — M,)/ 
M; ' 100], significant differences could be demonstrated 
between M2 (p = 0.0464) and M3 values (p = 0.0342). 
Comparison of the values of the intercept of Ees on the 
length axis failed to demonstrate a difference (M2, p = 
0.377; M3, p = 0.20). The values of P¥O, and (a — ¥)O, 
were significantly less in the BC group at 20 minutes after 
bypass as compared with the OCC group (p = 0.030 and 
0.018, respectively) (see Table 4). 


Comment 


There is still a paucity of data comparing OCC with BC, 
and in this study we operated from the assumption that 
(1) myocardial contractility is equally well preserved when 
either BC or OCC is used during elective hypothermic 
arrest; and (2) there is no difference in the function of the 
heart as a pump (ie, the ability to maintain supply of 
oxygen [CO x CaO] commensurate with oxygen con- 
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Fig 2. The normalized end-systolic pressure—length relationship (Ees) 
before and after cardiopulmonary bypass. The p values indicate the 
difference between blood and oxygenated crystalloid cardioplegia. (CPB 
= cardiopulmonary bypass; SEM = standard error of the mean.) 
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sumption) after operative cardiac arrest and use of BC or 
OCC. 

A previous study [9] evaluated the effect of red blood 
cells and calcium added to OCC and showed that addition 
of calcium to the cardioplegic solution was required to 
sustain myocardial performance after arrest. Red blood 
cells did not contribute to maintenance of myocardial 
performance over and above the benefit derived from 
calcium [9]. The study of Heitmuller and colleagues [9] 
measured myocardial function with maximum rate of 
pressure increase and LV function curves, however. The 
rate of pressure increase during the isovolemic phase of 
the cardiac cycle and LV function curves are load- 
dependent qualities [14]. Although Heitmuller and col- 
leagues [9] controlled the LV end-diastolic pressure in an 
attempt to eliminate changes in preload, the nonlinear 
relationship between LV end-diastolic pressure and vol- 
ume does not allow use of LV end-diastolic pressure as an 
absolute indication of preload. Furthermore, the LV after- 
load (LV wall stress or arterial impedance) was not con- 
trolled, and possible changes in afterload conditions make 
interpretation of the data in the study of Heitmuller and 
colleagues [9] difficult. 

To overcome the abovementioned problems with mea- 
surement of myocardial function, we used the end- 
systolic pressure-length relationship (Ees) as an index of 
regional myocardial contractility. Previous studies have 
shown that this index is sensitive in defining changes in 
regional myocardial contractility and is not affected by the 
preload or afterload [15, 16, 19, 20]. It must, however, be 
emphasized that the Ees measures regional function as 
opposed to the end-systolic pressure-volume relation- 
ship, which is used to quantify global myocardial function 
[14]. The load-independent character of the Ees makes it 
particularly useful when the preload and afterload cannot 
be measured or if loading conditions cannot be controlled 
between experimental steps. 

Evaluation of the Ees failed to demonstrate differences 
_ in regional myocardial contractility after hypothermic 
arrest when BC or OCC was used. When the data were 
transformed and expressed as a percentage of the control 
(prearrest value) to allow for individual differences in the 
initial measurement, however, results indicated that myo- 
cardial contractility was better maintained in hearts re- 
ceiving OCC. Furthermore, it appears that the downward 
trend in Ees for the BC group had a tendency to continue, 
whereas the Ees in the OCC group remained at a stable 
(depressed) value. This observation will require further 
study, however. 

Myocardial contractility refers only to the inherent 
ability to perform work for a given set of circumstances. 
This potential for delivering blood flow is modified by the 
heart rate, preload, and afterload experienced by the 
ventricles. The performance of the heart as a pump relates 
to delivery of an output (and oxygenated blood) that will 
satisfy the oxygen requirements of the body and hence 
sustain aerobic cellular respiration [21]. Although myocar- 
dial contractility per se is important, we cannot measure it 
in clinical practice and it is therefore often overshadowed 
by the necessity to maintain an efficient circulation. The 
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latter can be measured at the bedside, and it is a fairly 
simple matter to manipulate the flow by adjusting the 
loading conditions of the heart. In addition, preload and 
afterload adjustment, within certain constraints, can often 
overcome the effects of a poorly contracting myocardium. 

To judge the maintenance of cellular oxygenation, the 
P¥O, is used. [22, 23]. Cellular oxygenation represents the 
balance between O, supply and demand, and the factors 
involved can be discussed with reference to the rear- 
ranged Fick equation, which states that CVO, = CaO, — 
VO,/CO. Because of the linear relationship between the 
CVO, ana PO, in venous blood, C¥O, reflects cellular 
oxygenation [23] provided that the VO, is intact. The 
postbypass PVO, in the OCC group did not change from 
prebypass values. In the BC group, however, the postby- 
pass values at both 10 and 20 minutes were significantly 
lower than the prebypass values. The PO, value of 31.80 
+ 2.48 mm Hg at 20 minutes after bypass is indicative of 
a moderate mismatch between oxygen supply and de- 
mand [22]. This deduction is supported by the significant 
increase ir. oxygen extraction ([a-v]O,) in the BC animals, 
which contrast with the constant extraction values mea- 
sured in the OCC group. 

We cannot fully explain these differences. The CaO, 
and CO were of similar magnitude for both groups. The 
VO, consistently tended toward higher values in the 
group receiving BC but did not reach statistical signifi- 
cance. Conceptually, it is also difficult to predict why the 
postbypass VO, should differ between the BC and OCC 
groups because only the hearts were exposed to the 
cardioplegic solution. Similarly, changes in the Ps, prob- 
ably would not explain the difference in PVO, because a 
similar blood acid-base control was used for both groups 
during bypass. It is possible that the difference in PVO, 
can be explained by differences in CO but our sample was 
too small to demonstrate such a difference. 

The ATP concentration at the initial biopsy (immediate- 
ly after the aortic cross-clamp was applied and the heart 
fibrillated and after the initial cardioplegia was adminis- 
tered) was higher in the group receiving BC. The better 
oxygen-carrying characteristics of BC at the higher tem- 
perature probably were responsible for this. Cognizance 
must be taken of the fact that at the time of the first biopsy 
myocardial temperature still was higher than the eventual 
temperature once the bypass was established and the cold 
cardioplegia was infused. The transient lowering of the 
ATP level in the OCC group at the initial biopsy resulted 
from the interaction of incomplete cooling of the heart, 
myocardial fibrillation, and the limited oxygen-carrying 
capacity of the clear fluid. As the heart was cooled, 
however, this initial difference disappeared, and our 
results suggest that the oxygen contained in the OCC was 
sufficient ta meet the oxygen demand in the cold-arrested 
myocardium, which supports results of previous studies 
(1, 10]. 

In summary, our data rejected our null hypothesis that 
no difference exists in the ability of the OCC and BC to 
maintain myocardial contractility and the integrity of the 
circulation after bypass and hypothermic arrest. Results 
indicate that in our model OCC resulted in better myo- 
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cardial performance. Furthermore, provisional analysis 
suggests that it would be advantageous to arrest the heart 
with a blood-containing cardioplegic solution; thereafter 
OCC can be used. 
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Myocardial Protection by Retrograde Cardioplegia 
in Arterial Switch Operation 
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Department of Cardiovascular Surgery, Children’s Hospital Medical Center, Fukuoka, Japan 


Retrograde coronary sinus perfusion of cold cardioplegic 
solution was evaluated in infants undergoing an arterial 
switch operation for transposition of the great arteries. 
To assess myocardial injury during ischemia, hemody- 
namic measurements were conducted at weaning from 
cardiopulmonary bypass and a postoperative assay of 
creatine kinase isoenzyme MB was performed. In 22 
infants with retrograde coronary sinus perfusion, the 
initial cardioplegic infusion was performed through the 
aortic root and additional infusion was repeated every 30 
minutes by retrograde coronary sinus perfusion. The 
other 11 infants received additional solution by ante- 
grade selective coronary artery perfusion. The aortic 
cross-clamp time in the retrograde coronary sinus perfu- 


he technique of retrograde coronary sinus perfusion 
(RCSP) has been reported to be a simple and benefi- 
cial method of cardioplegic delivery in adult patients 
undergoing either aortic valve operations [1] or coronary 
artery bypass grafting [2]. We successfully adopted this 
cardioplegic delivery technique in more than 70 infants 
undergoing anatomical repair for transposition of the 
great arteries (TGA) with a low surgical mortality of 4% 
[3]. Because this operative procedure consists mainly of 
coronary ostial transfer and switching of the great arter- 
ies, direct coronary cannulation is required to ensure 
antegrade cardioplegic delivery during ischemia. Selective 
coronary artery perfusion not only may produce traumatic 
damage to the coronary ostium [4], however, but also may 
complicate the operative procedure by requiring coronary 
ostial cannulation. 

The present study was undertaken to assess clinically 
whether RCSP, which was appropriately combined with 
antegrade perfusion, could be an alternative to antegrade 
selective coronary perfusion in small infants undergoing 
the arterial switch operation. 


Material and Methods 


The patient population consisted of 22 infants and 11 
neonates who underwent an arterial switch operation for 
TGA. Patients who needed ventriculotomy were excluded 
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sion group was significantly shorter than that in the 
antegrade selective coronary perfusion group (128 + 19 
versus 14: + 21 minutes, p < 0.05). There were no 
significant differences between the two groups in terms 
of postoperative hemodynamic variables and enzyme 
indexes. E-ght neonates in the retrograde coronary sinus 
perfusion group also exhibited enzymatic and hemody- 
namic indexes similar to those of the older infants. These 
results suggested that retroperfusion of cardioplegic so- 
lution was a safe and useful means of myocardial pro- 
tection in :nfants and neonates because of the simplifi- 
cation of tie operative procedure and the avoidance of 
traumatic injury to the coronary ostia. 
(Ann Thorac Surg 1990;50:238-42) 


from the study. Depending on the type of multidose 
cardioplegia, the patients were randomly divided into two 
groups. Twenty-two patients received cardioplegic solu- 
tion by RCSP, and 11 other patients received the same 
solution by antegrade selective coronary artery perfusion 
(ASCP). In the RCSP group, 17 patients had simple TGA 
(intact ventricular septum) and 5 patients had TGA with 
ventricular septal defect (VSD). Eight of them were neo- 
nates. In the ASCP group, 8 patients had simple TGA and 
3 patients had TGA with VSD. The two groups were well 
matched wth regard to preoperative profiles (Table 1). 
Both preoperative left ventricular pressure and left ven- 
tricular morphology (volume and muscle mass), indica- 
tive of the degree of left ventricular development, were 
also comparable between the groups. 

Cardiopu-monary bypass was instituted by individual 
venous car-nulation and arterial cannulation of the distal 
ascending aorta. The bypass flow rate was kept constant 
at 2.5 L/m‘/min, and the core body temperature was 
cooled to a rectal temperature of 28°C. The composition of 
the cardioplegic solution used is as follows: 


Glucose, 2.5 g/L 

Sodium chloride, 75 mmol/L 
Sodium b:carbonate, 10 mmol/L 
Potassiurr chloride, 20 mmol/L 
Calcium gluconate, 0.6 mmol/L 
Lidocain, 100 mg/L 

Albumin, 10 g/L 

Osmolarity, 340 mosm/L 


0003-4975/90/$3.50 


Ann Thorac Surg 
1990;50:238-42 


Table 1. Study Group Characteristics 








RCSP Group ASCP Group 

Variable (n = 22) (n = 11) 
Age (mo) 5.3 + 2.8 4.4 41.7 
Weight (kg) 7.9 + 13.1 4.7 + 6.0 
Neonates 8 3 
TGA 

With IVS 17 7 

With VSD 5 4 
LVp/RVp 0.90 + 0.08 0.92 + 0.10 
LVEDV (% normal)? 202 + 70 189 + 62 
LV mass (% normal}? 72 + 22 67 + 18 








a LVEDV and LV mass were obtained on the basis of biplane angiography 
and are expressed as percent of normal values. 


ASCP = antegrade selective coronary perfusion; IVS = :ntact ventric- 
ular septum; LV mass = left ventricular muscle mass; LVEDV = 
left ventricular end-diastolic volume; LVp = left vertricular peak 
pressure;  RCSP = retrograde coronary sinus perfusion; RVp = 
right ventricular peak pressure; TGA = transposition of the great 
arteries; VSD = ventricular septal defect. 


The initial cardioplegic infusion (15 mL/kg) was per- 
formed by injection from the aortic root in both groups. 
The following infusion (7 mL/kg) was performed through 
one of the two techniques of delivery in each group, 
however, and it was repeated at 30-minute intervals until 
reconstruction of the ascending aorta was completed. 
Then, an additional infusion was administered ante- 
gradely from the “new” aortic root in boch groups. 
Topical cooling with ice slush was also used during 
ischemia. Calcium ion concentration in the bypass perfus- 
ate was intentionally maintained at low levels (0.4 to 0.6 
mmol/L) during ischemia and early reperfusion, and it 
was corrected after 15 minutes of reperfusion. All surgical 
procedures for correction including closure cf the atrial 
and ventricular septal defects and reconstruction of the 
pulmonary artery were performed during aortic cross- 
clamping in all patients. 


Perfusion Technique in the Retrograde Coronary Sinus 
Perfusion Group 


After cardiac arrest was induced by the initial cardioplegic 
infusion, the right atrium was opened. A balloon-tipped 
catheter (6F Foley catheter) was advanced as far as 1 cm 
into the lumen of the coronary sinus and inflated with 0.5 
mL of water. The catheter was then gradually pulled back 
until the inflated balloon was wedged to the membranous 
flap (sometimes to the thebesian valve) at the orifice of the 
coronary sinus. Gentle traction was maintained on the 
catheter during cardioplegic infusion to avoid occluding 
early branches of the coronary sinus. The cardioplegic 
solution was infused through the balloon catheter by the 
gravity of a 50-cm height. The cardioplegic effluent was 
observed issuing from both coronary ostia in all infusions. 
The duration of each perfusion was about three minutes. 
The balloon catheter was left in place during its use. 
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Perfusion Technique in the Antegrade Selective 
Coronary Perfusion Group 

A 6F Foley catheter, the balloon tip of which had been cut 
off, was used for selective coronary artery perfusion with 
cardioplegic solution. Direct cannulation into both coro- 
nary ostia was repeatedly conducted during each infu- 
sion. The perfusion was performed by the gravity of a 
100-cm height; consequently, the duration of infusion for 
one coronary artery was about 30 seconds. 

After about 30 minutes of reperfusion, the patients 
were weaned from cardiopulmonary bypass while the 
pressures of the left atrium, central vein, and radial artery 
were closely monitored. On the basis of these hemody- 
namic variables as well as the need for catecholamine 
support, the postoperative hemodynamic state was as- 
sessed 30 minutes after termination of cardiopulmonary 
bypass. Blood samples to determine the release of creatine 
kinase isoenzyme MB (CK-MB) were obtained at specific 
intervals: 1, 3, 6, 12, 24, and 48 hours after aortic declamp- 
ing. The total CK-MB during the 48-hour period was 
calculated by the method of Shell and colleagues [5], and 
the disapperance rate of the isoenzyme from blood 
(0.0664/h) was calculated as the average value in all the 
patients. 


Data Analysis 


All data were expressed as the mean + the standard 
deviation. Statistical comparisons between the groups 
were made by either Student's t test or the x test, and p 
< 0.05 was considered a significant difference. 


Results 


Operative data including cardiopulmonary bypass and 
aortic cross-clamping time and the dose of cardioplegic 
solution used are shown in Table 2. Although there was 
no difference in total dose of cardioplegic solution be- 
tween the two groups, the aortic cross-clamping time and 
cardiopulmonary bypass time in the ASCP group were 
significantly longer than those in the RCSP group, which 
suggested that the procedure of direct cannulation to the 
bilateral coronary ostia in the ASCP group was time- 
consuming. 


Table 2. Operative Data 


RCSP group ASCP group P 
Variable (n = 22) (n= 11) Value 
ACC time (min) 128 + 19 143 + 21 <0.05 


Simple TGA 125 + 16 (n = 17) 
Complex TGA 136 + 27 (n = 5) 
CPB time (min) 173 + 22 
Total dose of CP 60 + 15 
(mL/kg) 


137+ 21(n=7) NS 
153+ 18(n=4) NS 
196 + 28 <0.02 
60 + 14 NS 


ACC = aortic cross-clamp; ASCP = antegrade selective coronary 


perfusion; CP = cardioplegic solution; CPB = cardiopulmonary 
bypass; NS = not significant; RCSP = retrograde coronary sinus 
perfusion; | TGA = transposition of the great arteries. 
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Table 3. Hemodynamic State Immediately After Weaning From Cardiopulmonary Bypass 











Dosage of Arterial 
Dopamine Systolic 
(ug/ke/ Pressure Heart Rate Mean LAP Mean CVP 
Group min) (mm Hg) (beats/min) (mm Hg) (mm Hg) 
RCSP (n = 22) 4.2 +28 74 + 10 147 + 15 6.4 + 2.6 7.1+18 
Neonate (n = 8) 5.1 # 2.5 7129 153 + 16 6.5 + 2.6 75419 
ASCP (n = 11) 5.4 + 3.4 66 +4 157 + 20 6.1 + 2.6 6.1 + 2.3 





ASCP = antegrade selective coronary perfusion; 
perfusion. 


Hemodynamics at Weaning From Cardiopulmonary 
Bypass 

After aortic declamping, sinus rhythm recovered sponta- 
neously and ST-T changes were normalized spontane- 
ously in a few minutes in all patients. The dosage of 
dopamine administered at weaning from cardiopulmo- 
nary bypass was 4.2 + 2.8 yg/kg/min in the RCSP group 
and 5.4 + 3.4 ug/kg/min in the ASCP group, and no 
patient needed epinephrine. Eight neonates in the RCSP 
group could also be weaned from bypass with a similar 
amount of dopamine (5.1 + 2.5 yg/kg/min). There were 
no significant differences in hemodynamic indexes such 
as arterial pressure, heart rate, left atrial pressure, and 
central venous pressure between the two groups. Both 
groups were able to achieve stable hemodynamics at a low 
preload (low left atrial and central venous pressure). The 
central venous pressure in the neonates tended to be 
higher than in the older patients; however, the mean 
value was still about 7 mm Hg, indicating that satisfactory 
myocardial protection was provided in the neonates as 
well as in the older infants (Table 3). 


Creatine Kinase-MB Level After Reperfusion 


The serum levels of CK-MB showed no significant differ- 
ences between the two groups at any sampling time after 
reperfusion. Both groups reached a peak level of CK-MB 
immediately after aortic declamping (after 1 hour of reper- 
fusion) and then showed a progressive decrease in its 
level during the ensuing period (Fig 1). The peak value of 
CK-MB was 105 + 35 IU/L in the RCSP group and 119 + 
66 IU/L in the ASCP group. The mean total CK-MB in the 
RCSP group (107 + 51 IU/L) was low but not statistically 
different from that of the ASCP group (168 + 110 IU/L). 
The neonatal patients in the RCSP group also had similar 
values of these enzymatic indexes (Fig 2). 


Postoperative Clinical Course 

All patients established hemodynamic stability with or 
without dopamine support. The total dose and maximal 
dosage of dopamine required were 17.2 + 20.2 mg/kg and 
4.6 + 4.5 yg/kg/min, respectively, in the RCSP group and 
17.5 + 32.1 mg/kg and 3.8 + 1.0 ug/kg/min, respectively, 
in the ASCP group. The postoperative clinical course, 
which was evaluated based on the dose of required 
catecholamine and the duration of ventilatory support, 
showed no significant difference between the two groups, 


CVP = central venous pressure; 


LAP = left atrial pressure; RCSP = retrograde coronary sinus 


although the neonates tended to need a larger amount «if 
dopamine (total dose, 34.6 + 12.6 mg/kg; maximum 
dosage, 8.1 + 4.1 ug/kg/min) than older patients (Table 4). 


Comment 


The method of retrograde cardioplegic perfusion has 
already been studied by many investigators both experi- 
mentally [10-14] and clinically [2, 15]. Menasche and 
associates [1] reported the ability of the technique to avoid 
coronary ostial trauma as well as its simple perfusion 
procedure in patients who are operated on through an 
aortotomy. This benefit led us to apply the method of 
RCSP to patients undergoing an arterial switch operation 
[3]. In small infants, especially in neonates, the coronary 
main trunks proximal to the first branching are too short 
to allow uniform cardioplegic distribution by selective 
perfusion through a directly cannulated catheter; more- 
over, they are susceptible to mechanical trauma. Idriss 
and associates [16] reported 1 neonatal case of postoper- 
ative coronary occlusion presumably resulting from an 
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Hours after removal of aortic cross-clamp 


Fig 1. Serum creatine kinase-MB level after reperfusion in the rétro- ~ 
grade coronary sinus perfusion (RCSP) group and the antegrade‘stlec~ 
tive coronary perfusion (ASCP) group. There was no significant alif- 
ference between the groups at any sampling time. (RCSP group, n= 
22; ASCP group, n = 11.) 
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RCSP ASCP ? RCSP ASCP 
Fig 2. Maximum creatine kinase-MB (CK-MB) and total released 
CK-MB in the retrograde coronary sinus perfusion (RCSP) group and 
the antegrade selective coronary perfusion (ASCP) group. Wide col- 
umns represent total patients in each group. A narrow column rep- 
resents neonatal patients (n = 8) in the RCSP group. There were no 
significant differences in these enzymatic indexes between the groups 
and between neonates and older patients. (RCSP group, 12 = 22; 
ASCP group, n = 11.) 


injury by the cardioplegic catheter after arterial switch 
operation. These observations indicate that RCSP in in- 
fants undergoing arterial switch operation could presum- 
ably produce the same or even greater advantages than 
are presently afforded adults undergoing aortic valve 
operations. 

‘In the present study, the postoperative hemodynamics, 
serum CK-MB level, and clinical course were comparable 
between the ECSP and ASCP groups. In both groups, the 

_ peak of serum CK-MB was noted in the early phase of 


= reperfusion, and its level then progressively decreased, 


indicating that both methods of cardioplegic delivery 
provided good myocardial protection. Furthermore, the 
neonatal patients in the RCSP group also showed good 
_ sults, similar to those of the older patients. From a 
`, technical viewpoint, RCSP also showed some excellent 
- ‘advantages. Because the catheter for RCSP was kept in 
`> the:coronary sinus during ischemia, cardioplegic infusion 
could. be repeated as often as necessary without any 
‘interruption in the operative procedures. Indeed, the 
“aortic cross-clamping time of the RCSP group was shorter 
-an that of the ASCP group. 


-Table 4, Postoperative Clinical Course 


Total Dose Maximum 
of Dosage of Intubation 
Dopamine Dopamine . Time 
*Gfoup: (mg/kg) (ug/kg/min) (days) 
RESP = 22) 17.2 + 20.2 46445 25+11 
- Nëðäate (n = 8) 34.6 + 12.6 8.1+ 4.1 3.3 + 0.5 
ASCPAin = 11; 17.5 + 32.1 3.8 + 1.0 3.3 + 2.8 





~ ASEE = antegrede selective coronary perfusion; 


RCSP = retrograde 
* Coronary;sinus perfusion. 
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Recently, successful arterial switch operations for TGA 
have been reported at several institutions [16-19]. Most of 
them used either a single dose of cardioplegia [16, 17] or 
profound hypothermia and circulatory arrest without 
cardioplegia [19]. DeLeon and co-workers [20] compared 
single-dose and multidose cardioplegia for myocardial 
protective effect and concluded that the single dose was 
both simple and effective in infants undergoing arterial 
switch operations. In an effort to reduce ischemic time, 
they closed any existing atrial and ventricular septal 
defects before aortic cross-clamping and reconstructed the 
pulmonary artery during rewarming after release of the 
aortic clamp. In the preserit study, however, we safely 
performed all surgical procedures during aortic cross- 
clamping to accomplish precise repair in a bloodless field. 
Indeed, in our hospital, only four operative deaths oc- 
curred among 88 patients. who underwent arterial switch 
operations under the same cardioplegic procedure until 
November 1989. There appeared to be an obvious techni- 
cal difference with respect to the accuracy of reparative 
procedures in a beating heart and those in a cardioplegic- 
arrested heart. Corno and associates [21] reported that 
multidose cold blood cardioplegia of appropriate ion 
components provided the best myocardial protection in 
neonatal hearts. Our previous work [22] also demon- 
strated multidose administration of our cardioplegic solu- 
tion to be effective in myocardial recovery after prolonged 
ischemic arrest in infants. On the basis of these findings, 
and considering the role of coronary collateral in clinical 
situations, we believe that multidose cardioplegia admin- 
istered throughout the ischemic period is essential for 
preservation of ventricular function in prolonged ischemic 
arrest. 

Some experimental studies [23-25] have shown that 
RCSP poorly perfused the right ventricular free wall and 
interventricular septum while it adequately perfused the 
left ventricular region to reach the capillary level [23, 25]. 
Most clinical studies, however, have shown no evidence 
of any impaired functional preservation of the right ven- 
tricle [1, 2]. The discrepancy between these experimental 
and clinical findings appears to be attributable mainly to 
(1) use of topical hypothermia in the latter setting and (2) 
the favorable venous drainage pattern of the human right 
ventricle [11, 24]. In the present study, there were no 
problems of right ventricular preservation in the RCSP 
group, as evidenced by the right atrial pressure and 
enzymatic index similar to that of the ASCP group, 
although these variables may lack sufficient sensitivity to 
establish any mild right ventricular damage. In hearts 
treated with retrograde cardioplegia, Shaper and co- 
workers [15] demonstrated the occurrence of myocardial 
edema and microvascular damage and suggested that 
continuous perfusion with noncolloid-osmeotic solution 
might be one of the causes of these detrimental effects. 
We used an asanguineous but albumin-containing solu- 
tion for the mode of intermittent perfusion, which may 
have contributed to our good results. 

In conclusion, in the present clinical study we demon- 
strated that the combination of retrograde cardioplegia 
with aortic root cardioplegia could provide as good myo- 
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cardial protection as ASCP even in small infants. Further- 
more, RCSP was shown to be superior to selective coro- 
nary artery perfusion in regard to the technical simplicity 
of the perfusion procedure ahd is presumed to provide a 
greater benefit in avoiding coronary ostial trauma. There- 
fore, RCSP is an attractive alternative to direct coronary 
artery cannulation for cardioplegic delivery in infants 
undergoing arterial switch operation. 
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Recurrent Thymoma in Patients With 


Myasthenia Gravis 


Mikio Ohmi, MD, and Masahiro Ohuchi, MD 


Division of Thoracic and Cardiovascular Surgery, Sendai National Hospital, Sendai, Japan 


One hundred sixty-six patients underwent operation for 
myasthenia gravis between 1977 and 1989. Thirty-eight 
patients had associated thymoma, registering stages I (n 
= 17), H (n = 9), II (n = 11), and IVa (n = 1) according 
to the classification of Masaoka and colleagues. Extended 
thymectomy was performed on 128 patients without 
thymoma; thymothymectomy, with resection of the an- 
terior mediastinal fat and tissues adherent to the tumor, 
was performed in all patients with thymoma. There were 
no instances of early or late death. Neuromuscular func- 
tion improved, and clinical myasthenic symptoms stabi- 
lized in almost all patients except 2 patients in stage III 


hymomas have been reported in 9% to 28% of patients 

with myasthenia gravis (MG) [1-3]. Thymothymec- 
tomy can improve myasthenic symptoms, but MG is liable 
to recur in association with recurrence of the thymoma 
[4-6]. Thymoma cannot be classified as benign or malig- 
nant on the basis of histological findings alone, and 
prognosis appears to be more closely related to gross 
characteristics at the time of the operation than to histo- 
logical findings. Metastatic thymoma frequently involves 
the pleura or the diaphragm, whereas extrathoracic me- 
tastases are uncommon [7, 8]. 

We describe the clinical patterns of MG with thymoma 
and present 3 cases of recurrence on the pleura. The 
efficacy of a second resection of recurrent thymoma local- 
ized on the pleura is also discussed. 


Material and Methods 


From June 1977 to May 1989, we had 166 patients with 
MG in the Division of Thoracic and Cardiovascular Sur- 
gery at Sendai National Hospital. Age distribution of the 
patients is shown in Figure 1. The average age was 38 
years (range, 3 to 77 years), and the peak period of MG 
recurrence was in the third decade. Fifty-eight patients 
were male and 108 patients were female. Among 166 
patients with MG, 38 had thymomas. The average age of 
patients with thymoma was 46 years (range, 25 to 74 
years). Thymoma was present in 29.3% (17/58) of male 
patients and 19.4% (21/108) of female patients. 


Accepted for publication Feb 28, 1990. 


Address reprint requests to Dr Ohmi, Division of Thoracic and Cardiovas- 
cular Surgery, Sendai National Hospital, 2-8-8 Miyagino, Miyagino-ku, 
Sendai, 983, Japan. 


© 1990 by The Society of Thoracic Surgeons 


and 1 patient in stage IVa, who had an exacerbation of 
the myasthenic symptoms associated with recurrence of 
thymoma. All the recurrent tumors were on the pleura 
and could be resected. The suspected cause of recurrence 
is either dissemination of tumor cells as a result of 
operative manipulation or undetected disseminated foci 
that existed at the time of the first operation. The resec- 
tions of the recurrent invasive thymomas localized on the 
pleura were easily performed and improved the myas- 
thenic symptoms. 


(Ann Thorac Surg 1990;50:243-7) 


Thirty-one patients had ocular MG, 10 had bulbar MG, 
and 125 had generalized MG. All patients with thymoma 
had generalized MG except for 2: 1 with ocular and 1 with 
bulbar MG. ; 

The clinical stage of the patients with thymoma, accord- 
ing to the classification of Masaoka and colleagues [9], 
was defined as follows: stage I (17 patients), macroscapi- 
cally encapsulated and with no microscopic capsular 
invasion; stage II (9 patients), either macroscopic invasion 
into surrounding fatty tissue or mediastinal pleura, or 
microscopic invasion into capsule; stage III (11 patients), 
macroscopic invasion into neighboring organ, ie, pericar- 
dium, great vessels, or lung; stage IVa (1 patient), pleural 
or pericardial dissemination; and stage IVb (none), lym- 
phogenous or hematogenous metastasis. 

Operations were performed through a median sternot- 
omy. An extended thymectomy [10] was performed in 128 
patients without thymoma. An extended thymectomy, 
including thymoma, was performed in 17 patients in stage 
I and 9 patients in stage II. The mediastinal pleura, 
adherent to the thymoma, was resected in all patients in 
stage I]. All patients in stages III and IVa underwent 
extended thymectomy and resection of the thymoma. 
Additional surgical procedures performed were resection 
of mediastinal pleura (12 patients), pericardium (6 pa- 
tients), lung (5 patients), phrenic nerve (3 patients), 
superior vena cava (1 patient), left innominate vein (1 
patient), and pleural implant (1 patient). 

Six patients in stage IH and 1 patient in stage IVa 
received postoperative radiation therapy to the mediasti- 
num at doses between 16.5 and 50 Gy. Almost all patients 
were treated with small doses of anticholinergic drugs, 
alternate-day corticosteroids, or both. 
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Fig 1. Age distribution of patients. Open bars indicate patients 
without thymoma; closed bars indicate patients with thymoma, 


Results 


There were no instances of early or late death after 
operation during the follow-up period. Although the 
patients required various times for myasthenic symptoms 
to improve, the doses of anticholinergic drugs and corti- 
costeroids could be tapered while neuromuscular function 
increased and clinical MG stabilized in almost all patients. 
No patient in stages I or H showed recurrence of thy- 
moma. Among the patients in stages II and IVa, 3 
patients with recurrent thymoma on the pleura had an 
exacerbation of myasthenic symptoms. After resection of 
the recurrent thymomas, the myasthenic symptoms im- 
proved greatly. 


Case Reports 

Patient 1 

A 40-year-old man was admitted to our hospital in June 
1977 with a 3-month history of diplopia and ptosis of the 
left eyelid. Chest roentgenograms showed a right upper 
anterior mediastinal mass. At operation, a thymic tumor 
invading the mediastinal pleura, the upper lobe of the 
right lung, and the left innominate vein was found. The 
tumor, including the thymus and the mediastinal fat, was 
resected, as was the upper lobe of the right lung adherent 
to the tumor. Pathology of the tumor showed a 6 x 6 x 
2-cm, firm, gray-white, poorly encapsulated nodular mass 
weighing 45 g and a predominantly epithelial type of 
invasive thymoma with some lymphocyte infiltration. The 
postoperative course was uneventful, and ptosis was not 
proven at the time of discharge. 

Four years after operation, the patient was receiving 
ambenonium chloride (15 mg/day), but diplopia and pto- 
sis of the left eyelid reappeared. Chest roentgenograms 
showed two round shadows on the right diaphragm. 
There were no signs of local recurrence at the upper 
anterior mediastinum (Fig 2A). Computed tomography 
detected several round masses on the right diaphragm 
and at the right lateral margin of the pericardium (Fig 2B). 
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The seccnd operation was performed on July 17, 1981, 
through a right posterolateral thoracotomy. There was no 
pleural effusion or recurrent tumor at the upper anterior 
mediastinum. There were four walnut-sized pieces of 
tumor: three on the diaphragm and one on the visceral 
pleura of the lower lobe of the right lung. Furthermore, 
there were five small tumors, a few millimeters in diam- 
eter, on the parietal pleura of the posterolateral chest wall. 
Adhesion of the tumors to the diaphragm and the lung 
were loose, so that the tumors were easily resected. The 
histological pattern was a predominantly epithelial type 
with an increased epithelial element as compared with the 
tumor resected in the first operation (Fig 3). The patient 
has been doing well on ambenonium chloride (20 mg/day) 
and prednisolone (15 mg) on alternate days. 








Fig 2. (Patient 1.) (A) Lateral chest roentgenogram taken before sec- 
ond operation. Two round shadows on the diaphragm are indicated by 
arrowheads. (B) Computed tomography shows several mass shadows 
at the right lateral margin of the pericardium, 
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Fig 3. (Patient 1) (A) Microscopic section of thymoma resected in the 
first operation shows a predominantly epithelial type (hematoxylin and 
eosin, X500 before 52% reduction). (B) Microscopic section of recur- 
rent thymoma resected in the second operation shows a predominantly 
epithelial type with an increased epithelial element as compared with 
the tumor resected in the first operation (hematoxylin and eosin, 
500 before 52% reduction). 


Patient 2 

A 48-year-old man was admitted with complaints of 
weakness of the extremities, dysphagia, and ptosis of the 
eyelids. Chest roentgenograms showed a right anterior 
mediastinal mass. A diagnosis of MG with thymoma was 
made, and the patient underwent operation on November 
7, 1980, which showed a tumor invading the pericardium 
and the upper lobe of the right lung. The tumor, including 
the thymus and the anterior mediastinal fat, was resected, 
as was the upper lobe of the right lung and the pericar- 
dium adherent to the tumor. Pathological study of the 
tumor showed it to be a 10 x 9 x 3-cm, solid, encapsu- 
lated thymoma weighing 131 g. Dense adhesions were 
present between the capsule of the tumor and the lung 
and pericardium. There was a capsular invasion of the 
tumor, and the histological pattern was predominantly 
epithelial thymoma. The postoperative course was 
stormy. Respiratory support was needed for 5 days dur- 


OHMI AND OHUCHI 245 
RECURRENT THYMOMA 





Fig 4. (Patient 2.) (A) Lateral chest roentgenogram taken before sec- 
ond operation shows a mass shadow, 5 cnt in diameter, at the lower 
posterior pleural cavity (arrowheads). (B) Computed tomographic 
scan shows tumors on the right posteromedial parietal pleura and at 
the right lateral margin of the pericardium. 


ing the early postoperative period. Postoperative radia- 
tion therapy was discontinued at a dose of 16.5 Gy 
because the patient had severe general fatigue, and neu- 
romuscular function did not improve greatly. The patient 
received two sessions of pulse therapy with 1,000 mg of 
methylprednisolone for 3 days in December 1986 and 
plasma exchanges in September 1987, while the symp- 
toms of MG became exacerbated. The patient was receiv- 
ing ambenonium chloride (30 mg/day) and prednisolone 
(35 mg) on alternate days. 

In April 1988 a mass shadow, 5 cm in diameter, at the 
right lower posterior pleural cavity was noticed on a 
routine follow-up chest roentgenogram (Fig 4A). Com- 
puted tomography detected an abnormal mass adherent 
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to the parietal pleura at the right posteromedial pleural 
cavity and two abnormal masses at the lateral margin of 
the pericardium (Fig 4B). A diagnosis of a recurrent 
thymoma was made, and a second operation was per- 
formed on June 17, 1988, through a right posterolateral 
thoracotomy. There were three separate tumors. The 
largest tumor was an 8 X 4 x 3-cm, nodular mass 
weighing 55 g that invaded the parietal pleura of the 
posterobasal chest wall. The other two small tumors 
invaded the diaphragm and the posterobasal segment of 
the lower lobe of the right lung. All tumors were resected. 
The histological pattern of the tumors was predominantly 
epithelial thymoma. The symptoms of MG improved 
dramatically soon after the second operation. The patient 
has been doing well on ambenonium chloride (20 mg/day) 
and prednisolone (15 mg) on alternate days. 


Patient 3 

A 33-year-old woman was admitted to our hospital with a 
1-month history of ptosis of the right eyelid and dyspha- 
gia. Myasthenia gravis was diagnosed as the result of a 
positive Tensilon test. At the time of her admission, a 
chest roentgenogram showed a mass at the left anterior 
mediastinum. An operation was performed on March 14, 
1983, through a median sternotomy. The 5 x 3 x 2-cm 
tumor, originating from the left lobe of the thymus and 
adhering to the sternum, was resected, and the upper 
lobe of the left lung and the left innominate vein were 
partially resected. Furthermore, a bean-sized tumor on 
the visceral pleura of the lower lobe of the left lung and 
several miliary tumors on the parietal pleura were re- 
sected. The histological pattern of the tumors was identi- 
cal and proved to be thymoma of a mixed type. Postop- 
erative radiation therapy was performed at a dose of 40 
Gy. Neuromuscular function improved dramatically, and 
the patient was followed up. 

An abnormal 3 x 4-cm mass shadow on the left dia- 
phragm was detected on a chest roentgenogram (Fig 5A) 
and a computed tomographic scan (Fig 5B) in February 
1988; it was associated with an increase in general weak- 
ness. The patient was receiving ambenonium chloride (30 
mg/day) and prednisolone (40 mg) on alternate days. A 
second operation was performed on February 26, 1988, 
under the diagnosis of recurrent thymoma. During a left 
posterolateral thoracotomy, there was a 3.5 x 3 x 3-cm 
tumor invading the diaphragm and the posterobasal seg- 
ment of the left lower lobe, where several disseminated 
tumors were observed. Other small tumors were located 
on the parietal pleura of the posterior chest wall. The 
largest tumor was resected, including a part of the dia- 
phragm and a lung segment, and the other small tumors 
were resected. The histological patterns of these tumors 
were basically identical, but the epithelial element of the 
tumor increased as compared with the tumor resected in 
the first operation. Microscopic findings showed the tu- 
mor to be infiltrating the diaphragm. The postoperative 
course was uneventful, and the patient has been doing 
well on ambenonium chloride (20 mg/day) and pred- 
nisolone (20 mg) on alternate days. 
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Comment 


The natural history of thymomas includes a variety of 
clinical courses. Prognosis of the tumors appears to be 
more closely related to the gross characteristics found at 
the time of operation than the histological appearance, 
because the histological definition of the malignant poten- 
tial of these tumors is unreliable. The incidence rate of 
thymoma among all myasthenic patients varies from 9% 
to 28% [1-3], and 25% to 59% of patients with thymoma 
appear to have MG [1, 5, 9, 11, 12]. 

In our study, the incidence rate of thymoma among 
myasthenic patients was 22.9% (38/166). The rate of non- 
invasive thymoma was 44.7% (17/38), which was approx- 
imately the same as the results found by Masaoka and 
colleagues [9]. The 5-year survival rates are approximately 
80% if the thymomas are noninvasive [12, 13] and be- 
tween 23% and 42% if the thymomas are invasive [1, 12]. 








Fig 5. (Patient 3.) (A) Lateral chest roentgenogram taken before sec- 
ond operation shows an abnormal mass shadow on the diaphragm (ar- 
rowheads). (B) Computed tomography shows a round mass adherent 
to the diaphragm. 
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Several reports have described extrathoracic metastases 
and recurrence of noninvasive thymoma. Fechner [4] 
reported that thymoma recurred in less than 2% of pa- 
tients with noninvasive thymoma who underwent oper- 
ation and described two broad categories with regard to 
the type of recurrence in noninvasive thymoma. One 
category was mediastinal recurrence localized in the me- 
diastinum without additional sites of involvement; the 
other was seeding or metastasis without local mediastinal 
recurrence. Fechner [4] did not have an explanation for 
these different types of recurrence but suggested that 
reexploration might be warranted if a patient had had a 
noninvasive thymoma removed and had evidence of a 
localized mediastinal tumor without pleural spreading. 
Invasive thymoma is usually a slow-growing tumor and 
tends to infiltrate adjacent thoracic organs by direct exten- 
sion. The reason for thoracic limitation is unknown, 
because discontinuous metastases to the pleura are com- 
mon and histological features of the metastatic tumors 
cannot be defined as malignant, in contrast to metastasis 
from carcinoma. Surgery and radiation therapy are the 
major therapeutic treatment methods for invasive thy- 
moma, and an aggressive surgical approach should be 
attempted, even for invasive thymomas. Cohen and col- 
leagues [14] suggested that complete resection was the 
most important factor affecting long-term survival. When 
they achieved complete resection of the tumor, they could 
not show a significant difference in survival rates between 
patients who received postoperative radiation therapy 
and those who did not. 

The MG associated with thymoma, whether noninva- 
sive or invasive, is more severe and brittle, and anti- 
cholinesterase control of symptoms is generally unsatis- 
factory. Corticosteroids are often used in patients with 
thymomas for the associated symptoms of MG rather than 
as a form of treatment for the tumor. The “thymolytic’’ 
effect of corticosteroids, especially for cortical lympho- 
cytes, is well known. Several reports have described 
thymoma regression after use of corticosteroids [15-17]. 
After using corticosteroids to treat 6 patients with intrac- 
table MG and malignant thymoma, Haussen and col- 
leagues [18] suggested that they might be effective in 
treatment of thymoma. Our 3 patients with recurrent 
thymoma received alternate-day corticosteroid therapy 
during their follow-up periods, and all the recurrent 
tumors showed a similar pattern of recurrence localized 
on the pleura. These results suggest that the alternate-day 
corticosteroid therapy for MG might affect the growth and 
metastasis patterns of recurrent thymoma. 

Fewer patients with MG died of thymoma than did 
patients without MG, because many thymomas associ- 
ated with MG are not invasive. Genkins and associates [2] 
recommended early thymectomy before MG progressed 
and suggested that a long-standing thymoma might un- 
dergo malignant degeneration on the basis of the associ- 
ation between malignant characteristics and delayed op- 
eration. We have adopted early thymectomy for the 
surgical treatment of MG so that the clinical stages of 
many patients with thymoma could remain in stages I and 
TI, and so that the thymomas could be completely resected 
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easily. Three of 12 patients in stages II and IVa had 
recurrence of the thymoma localized on the pleura with 
an exacerbation of myasthenic symptoms. The suspected 
causes of recurrence are either dissemination of tumor 
cells resulting from operative manipulation in patients 1 
and 2 or undetected disseminated foci that existed at the 
time of the first operation in patient 3. Therefore, the 
potential risk of pleural implantation of malignant cells 
should be taken into consideration during operation to 
avoid spread resulting from handling of the tumor. 

In conclusion, we recommend performing aggressive 
surgical intervention for recurrent thymoma on the pleura 
in MG, because resection of the tumors not only was easy 
to perform but also was extremely effective in improving 
myasthenic symptoms in our patients. 
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Risks of Blood Exposure to the Cardiac 


Surgical Team 
James W. Pate, MD 


Department of Surgery, University of Tennessee-Memphis, Memphis, Tennessee 


The risk of transmission of human immunodeficiency 
virus from patient to cardiac surgical team is perceived 
by most people to be very slight, yet the possibility is a 
valid concern, The feasibility of “barrier protection” in 
prevention of this risk is dependent on integrity of 
surgical gloves and absence of splashes of body fluids 
into eyes and broken skin. These factors were observed 


he risk of human immunodeficiency virus (HIV) trans- 
mission from patiént to health care worker is usually 
considered to be very slight [1-4]. Although hepatitis B is 
far more common and apparently much more infectious 
than HIV, it is usually not fatal and both natural and 
vaccine-induced immunity are available. Thus, acquired 
immunodeficiency syndrome (AIDS) is of much more 
concern to surgeons [5]. 

Articles in the medical literature and newspapers and 
verbal quotes on the incidence of contamination of the 
surgical team are retrospective and anecdotal and subject 
to great error. The perception of the risks involved is 
certainly greater in surgeons than in nonsurgeons. There 
has been a recent marked increase in the number of 
patients who have intravenous-drug-—related endocarditis 
and require surgical replacement of a cardiac valve. In 
New York City, 54% of a group of intravenous-drug- 
addicted patients were HIV positive [6]. There has also 
been a steady increase. in the number of repeat (“redo”) 
coronary bypass operations; many of these patients re- 
ceived transfusions at their previous operation before the 
availability of HIV testing. Both these groups of patients 
represent a risk of harboring the HIV virus. Open heart 
operations are associated with potential exposure to large 
amounts of blood and an increased probability of injury to 
surgical team members, especially when performed under 
emergency or difficult conditions. Estimates of the num- 
ber of needle sticks, cuts, and other exposures of surgical 
team members to bloodborne viruses have varied from 
near zero to numerous injuries each year [7, 8]. Presently 
available gloves are also perceived to be more fragile than 
they formerly were [9]. “Universal barrier precautions,” 
so glibly recommended, are useless when a contaminated 
needle penetrates the skin. These concerns led us to do a 
prospective, objective study of the usage of gloves (re- 
flectirig their puncture or tears) and potential exposure to 


Accepted for publication Mar 1, 1990. 


Address reprint requests to Dr Pate, Department of Surgery, University of 
Tennessee, 956 Court Ave, Memphis, TN 38163. 


© 1990 by The Society of Thoracic Surgeons 


and recorded in 50 coronary bypass operations and 17 
valve replacements. There was a high risk of glove 
penetrations (one to two per team member per operation) 
and of skin punctures, lacerations, or eye splashes (from 
0.4 to 1.5 instances per operation). Better gloves and 
more self-defensive surgical techniques.are indicated. 
(Ann Thorac Surg 1990;50:248-50) 


tissue fluids of surgical team members during coronary 
artery bypass grafting and valve replacement operations. 


Material and Methods 


Cases of cpen heart operation for coronary artery bypass 
grafts (50 operations) and single valve replacements (17 
operations. from February through August 1989 were 
studied. Two different hospitals and nursing teams were 
used, but tne surgical team (faculty and residents) rotated 
between these institutions. 

A data form was completed by the circulating nurse 
during each operation. For each person participating in 
the procedure, data on (1) glove usage; (2) eye or face 
splashes cf blood or fluids; and (3) needle, wire, or bone 
penetration of skin were documented. For skin injuries, it 
was noted whether the penetrating instrument was sterile 
or contaminated with the patient's blood or tissue fluids. 
“Exposure” was defined as puncture wounds or scratches 
of the skin or blood in the eyes or on glasses and adjacent 
face. 

The time of operation from “skin incision to bandage” 
was noted. The presence of broken skin, rashes, or other 
cutaneous -esions on the hands of each team member was 
elicited. 

Individuals observed included the surgeon; the first, 
second, and third assistant surgeon; the scrub nurse and 
second scrub nurse, the anesthesiologist; the second 
anesthetist (or resident); the first and second circulating 
nurse; the first and second perfusionist; and miscella- 
neous persons. In all cases, the first assistant and surgeon 
were an experienced faculty surgeon and a cardiothoracic 
resident su=geon with 6 to 8 postgraduate years of surgical 
training. 

It is hospital policy for perfusionists and circulating 
nurses to wear gloves. There is no fixed policy with regard 
to anesthesiologists and anesthetists, and in many in- 
stances they did not use gloves. Because this study was 
performed only to determine the magnitude of the prob- 
lem in a spacific group of physicians and nurses and is of 
limited scope, the data were not analyzed statistically. 
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Table 1. Glove Usage as a Function of Length of Operation 





Time (min) 


180-249 250-309 310-369 370429 >430 





No. of Gloves 








Range 17-43 20-57 18-37 2645 39-60 
Mean 26 35 28 36 49 
Results 


Data regarding preexisting skin rashes or breaks in the 
skin of the operating team were not complete enough to 
allow analysis. Most members of the teams were reluctant 
to report minor skin lesions. The time from skin incision 
to bandage varied from 180 to 625 minutes (mean, 294 
minutes) for coronary bypass operations and from 240 to 
365 minutes (mean, 301 minutes) for valve procedures. 

From 8 to 13 people were involved in each operation, a 
mean of 9.6 in the coronary procedures and 9,1 in the 
valve replacements. Every operation involved at least two 
surgeons, a scrub nurse, a circulating nurse, a perfusion- 
ist, and an anesthesiologist. Additional surgeons, nurses, 
anesthesiologists, anesthetists, and perfusionists ac- 
counted for the remainder of the personnel. 

The number of gloves (two in the original pair plus each 
replacement) used in each operation varied from 17 to 60, 
with a mean of 30 (hospital 1) and 38 (hospital 2) for each 
coronary operation and 25 (hospital 1) and 34 (hospital 2) 
for valve replacement procedure. Sixty gloves were used 
on one repeat coronary bypass operation involving 10 
people; 57 were used on a difficult redo mitral valve 
replacement involving 11 people. More than 90% of glove 
replacements were the result of loss of glove integrity 
rather than contamination. In very few cases, a needle, 
wire, or other sharp agent penetrated the glove and 


Table 2. Mean Number of Gloves Used by Key Team 
Members in Each Operation 





Valve Replacement 


CABG (n = 50) (n = 17) 

Position on Hospital Hospital Hospital Hospital 
Team 1 2 1 2 
Surgeon 3.6 3.9 4.3 4.3 
First assistant 3.3 3.5 4.3 3.6 
Scrub nurse 1 4.0 3.5 3.7 3.0 
Scrub nurse 2 3.6 3.0 2.5 3.0 
Perfusionist 1 6.1 4.1 4.5 3.7 
Perfusionist 2 3.6 4.2 2.5 4.5 
Means? 

Per operation 30.1 38.3 34.3 25.4 

Per person 4.0 3.1 3.1 2.9 





* Circulating nurses, anesthesiologists and anesthetists either did not 
consistently use g-oves or changed gloves when moving from room to 
room rather than just when they were punctured; therefore, data-on their 
usage is not shown in except in “Mean.” 


CABG = coronary artery bypass graft. 
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Table 3. Exposures (Incidences per 100 Cases) 








Valve 
CABG Replacement 
(n = 50) (n = 17) 
Position n To n % 
Puncture with contaminated 
needle, wire, or bone 
Surgeon 1 2 7 41 
First Assistant 3 6 7 41 
Nurse 6 12 4 2 
Total 10 20 18 106 
Puncture with sterile agent 
Surgeon 1 2 ik 
First Assistant 2 4 2 12 
Nurse 4 8 6 
Total 7 14 3 18 
Cut with used scalpel 
Circulating nurse sets TE 1 6 
Total 0 0 1 6 
Electrocautery burn through glove 
Surgeon 1 2 
First Assistant 1 2 widen fees 
Total 2 4 0 0 
Blood in eyes and/or glasses 
Surgeon 1 2 2 12 
First Assistant Jas gin 1 6 
Total 1 2 3 18 
Total exposures 20 40 25 147 


CABG = coronary artery bypass graft. 


underlying skin. In more than 90% of instances, the 
gloves were either torn by a blunt instrument or simply 
“disintegrated” as the hand was forcibly used, as in 
forcing a wire through the sternum. There appeared to be 
little correlation between time involved in the procedure 
and number of gloves used (Table 1). All procedures in 
which fewer than 22 gloves were used were uncompli- 
cated coronary artery bypass grafts, usually with operat- 
ing times of less than 301 minutes. 

Except for perfusionists in hospital 1, there was little 
difference in glove usage by various members of the team 
(Table 2). In this hospital, it is a policy that gloves be 
changed by the perfusionist as soon as blood contami- 
nates the glove, not when it is perforated. 

Exposures and types of injuries are shown in Table 3. 
The surgeon, first assistant, and scrub nurses were the 
only people (other than one circulating nurse who had a 
scalpel cut) who sustained injuries. 


Comment 


Although we have no objective comparative data on 
previous experience or on other types of operations, this 
study clearly indicates the frequent failings of “barrier 
protection” of surgical gloves. 
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A study in 1980 [10] showed that about 12% of gloves 
used in the operating room for various types of operation 
were punctured. In the present study, 8 to 13 people were 
involved in each operation; they initially used 16 to 26 
gloves. These gloves were replaced (usually for penetra- 
tion or tearing) in one to 32 instances. Our “penetration 
rates” ranged from 5% to 81% of gloves used in each 
operation. 

Exposures could be expressed as: (1) per operation, (2) 
per 100 operations, or (3) per 1,000 hours of operating 
time. Because the length of operating time was not well 
correlated with glove usage or exposures, we preferred to 
use the number of exposures per 100 operations (roughly 
a year’s experience for many thoracic surgeons). Total 
exposures do not include the many more cases of glove 
punctures or tears that occurred on hands with scratches, 
abrasions, or rashes; therefore, these exposures represent 
a significant underestimation of the true risk of blood 
exposure, Although coronary graft operations were asso- 
ciated with a risk of exposure to a single member of the 
operating team of only 0.4 exposures per case, the cumu- 
lative risk in 100 operations is considerable. 

A recent, retrospective study of about 200 surgeons 
showed puncture injuries recalled by 86% during the 
preceding year (mean, two punctures per year) [8]. Ex- 
pressed as frequency per 1,000 hours in the operating 
room, distributions were as high as 42 to 250 injuries per 
1,000 operating room hours. The data in our present 
study, when calculated similarly, yielded means of 16 
exposures per 1,000 hours during coronary bypass proce- 
dures and 106 exposures during 1,000 hours of valve 
replacement procedures. Thus, our observations are com- 
parable with those of the recent study [8], which appar- 
ently involved all types of operations; open heart opera- 
tions, as we report, obviously involve far more exposure 
to blood and more intense surgical manipulations than 
most other procedures. Use of heavy wires and needles, 
presence of bone splinters, and considerable hardware 
increase the likelihood of injury. An individual scrub 
nurse may participate in 300 or more open heart opera- 
tions per year; such an experience could expose the nurse 
60 times per year. 

Because exposures were based on actual breaks of skin 
integrity or splashes of blood in the eyes and not on the 
hundreds of torn gloves and saturated gowns, our esti- 
mates of risks are certainly low. The incidence of HIV- 
positivity remains fairly low; however, in drug addicts in 
some localities, it is more than 50% [6]. Converting 
exposure to blood and body fluids to a risk of inoculation 
with virus or establishment of infection is impossible with 
available facts. A single needle stick with HIV-positive 
blood may produce a risk of infection of 0.4% to 1.6% [1]. 

The often quoted advice to “follow the universal pre- 
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cautions of the Centers for Disease Control” has intu- 
itively been recognized by surgeons as futile during 
critical operations; the present data illustrate the absurdity 
of expecting these guidelines to be of significant value in 
protecting the surgical team. 

Many surgeons, including me, frequently use the fin- 
gers to handle tissues (such as heart or lung) because they 
are less traumatic than retractors or instruments. Such a 
technique, when needles or wires are being used (eg, 
valve replacements, sternal closures) pose the danger of 
glove or even skin damage. Surgical technique, especially 
that taught to resident surgeons, should be modified in 
view of the epidemic of bloodborne viral infections asso- 
ciated with the drug addiction epidemic and more nonre- 
pressed sexual practices. 

This study leads to several conclusions. 


1. Open heart operations carry a high risk of skin punc- 
tures and splashes to the operating team. This risk may 
be of significance when dealing with HIV-positive or 
hepatitis B-positive patients. 


2. The quality of surgical gloves should be improved. 


3. Surgeons and nurses should remain constantly on 
guard from skin or mucous membrane contamination 
and injury. Better techniques, designed to lower risks 
to the nurses and surgeons, should be developed; 
taught, and practiced. 
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Modification of Supraventricular Tachyarrhythmias 
by Stimulating Atrial Neurons 


I. M. Ali, MD, C. K. Butler, MD, J. A. Armour, MD, PhD, and D. A. Murphy, MD 
Departments of Surgery and Physiology and Biophysics, Faculty of Medicine, Dalhousie University, Halifax, Nova Scotia, Canada 


The effects of stimulating the right atrial ventral gangli- 
onated plexus on ventricular performance during atrial 
tachycardia was studied in 8 lightly sedated (pentobar- 
bital, 2.5 mg/kg intravenously) dogs with sterile peri- 
carditis. Atrial arrhythmias were induced by electrical 
stimulation (10 V, 4 ms, 100 Hz) of the right atrium 
through previously inserted temporary bipolar pace- 
maker wires. Various types of supraventricular tachycar- 
dias were produced. Atrial fibrillation was produced in 3 
dogs, atrial tachycardia in all 8 dogs, different atrioven- 
tricular nodal ectopic rhythms in 6 dogs, and atrial flutter 
in 1 dog. These arrhythmias were associated with irreg- 
ular ventricular contractions that resulted in low ventric- 
ular pressures during many cardiac cycles such that low 
or no aortic pressure was generated. Right atrial ventral 


Poren supraventricular arrhythmias are a com- 
plication of cardiac operations. The incidence of such 
arrhythmias has been reported to range from 20% to 
100%, depending on the method of monitoring postoper- 
ative recovery [1]. In 10% to 20% of reported cases of 
supraventricular arrhythmias, left ventricular perfor- 
mance was affected in a way that decreased left ventricu- 
lar efficiency [2]. Impairment of left ventricular function 
was due primarily to shortened filling times, resulting in 
low cardiac output. In these instances, control of ventric- 
ular rate has been the goal of therapy to improve left 
ventricular performance. Pharmacological interventions 
have been used, interventions that are either short-lived 
or require a long time to initiate an effect. Cardioversion in 
the postoperative patient has also been used, a method 
that requires anesthesia and intubation. 

Ganglia and nerves are located in the region of the 
interatrial groove on the ventral surface of the canine right 
atrium imbedded in fat. Neurons in the right atrial ventral 
ganglionated plexus have been identified by vital staining 
and histological techniques [3]. Neurons in this ganglion- 
ated plexus exert predominantly parasympathetic effects 
on the heart when stimulated [4], which is in keeping 
with the assumption that they contain primarily efferent 
postganglionic parasympathetic neurons [5, 6]. However, 
efferent sympathetic neural elements, including postgan- 
glionic sympathetic somata, have been proposed to exist 
in atrial and ventricular ganglionated plexi as well [3, 7, 
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ganglionated plexus stimulation induced slowing of ven- 
tricular rate so that every ventricular contraction resulted 
in aortic pressure generation, thus increasing mean aortic 
pressure. Responses elicited by atrial ganglionated 
plexus stimulation were eliminated after atropine admin- 
istration. We conclude that electrical stimulation of the 
right atrial ventral ganglionated plexus results in slow- 
ing of ventricular contractile rate during supraventricular 
tachycardia, presumably by activating efferent vagal neu- 
ronal elements, thereby improving ventricular perfor- 
mance. If applicable in humans, this technique may be 
of use in management of postoperative atrial arrhythmias 
after cardiac operations. 


(Ann Thorac Surg 1990;50:251-6) 


8]. In addition, varied cardiac responses can be elicited by 
stimulating the neural elements in atrial ganglionated 
plexi in anesthetized animals. Whether parasympathetic 
or sympathetic effects predominate when this ganglion- 
ated plexus is stimulated in lightly sedated animals is nct 
known. Neither is it known whether such stimulations 
can modify the effects of supraventricular arrhythmias on 
left ventricular dynamics. Therefore, in the present study, 
the effects of electrical stimulation of the right atrial 
ventral ganglionated plexus on ventricular rate during 
supraventricular arrhythmias were studied in lightly se- 
dated animals to determine whether left ventricular pres- 
sure could be altered thereby and, if so, in what fashion. 


Material and Methods 


Animal Preparation 


Experiments were performed on 8 mongrel dogs weigh- 
ing 19 to 38 kg, in accordance with guidelines for animal 
experimentation described in “Guide for the Care and Use 
of Laboratory Animals” (NIH publication No. 85-23, re- 
vised 1985) and “Care of Experimental Animals — A 
Guide for Canada.” An intravenous drip of normal saline 
solution was begun. Thereafter, animals were anesthe- 
tized with sodium pentobarbital (an initial dose of 300 to 
350 mg intravenously, followed by a constant infusion of 
doses appropriate to maintain a surgical plane of anesthe- 
sia) and supported with a positive-pressure respirator. 
Sodium thiopental (12 to 15 mg/kg) was administered 
intravenously at least every hour throughout the opera- 
tion or more frequently as required to maintain anesthe- 
sia. A right-sided thoracotomy was performed at the fifth 
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EFFECTS OF ATRIAL NEURONS ON TACHYARRHYTHMIAS 


Fig 1. Ventral surface of the right 
atrium showing sites where the three 
bipolar electrodes were located. The 
two bipolar electrodes in atrial tissue 
adjacent to the cranial aspect of the 
sulcus terminalis and the inferior 
vena cava were subsequently used to 
induce supraventricular tachydys- 
rhythmias. The third pair of elec- 
trodes in the fat pad on the ventral 
surface of the middle of the right 
atrium adjacent to the right pulmo- ee 

nary vessels was used to stimulate “Bes 
the right atrial ventral ganglionated 
plexus. 


intercostal interspace, and the pericardium was opened to 
expose the heart. 

Three pairs of temporary pacemaker wire electrodes 
(Weck No. 277935 electrodes coated with FEP polymer 
except for the tip) were sutured on selected right atrial 
sites. Bipolar pacing electrodes were placed for subse- 
quent induction of supraventricular tachydysrhythmias 
adjacent to the cranial aspect of the sulcus terminalis and 
at the inferior vena caval-left atrial junction (Fig 1). 
Another pair of sterile bipolar electrodes was sutured into 
the middle of the right atrial ventral fat pad where the 
right atrial ganglionated plexus is located [3]; this struc- 
ture lies on the ventral surface of the right atrium medial 
to the pericardial reflection (Fig 1). The electrodes con- 
sisted of wires insulated to within 2 mm of their tips. They 
were brought out through the chest wall and placed in a 
subcutaneous pouch in the dorsum of the neck. Then the 
atrial and ventricular surfaces were dusted with sterile 
talcum powder. A sterile gauze was placed on the right 
and left atrial free walls to induce, with the talcum 
powder, sterile pericarditis as described by Pagé and 
colleagues [9]. The pericardium was closed with inter- 
rupted sutures. The chest was closed in layers, residual 
air was withdrawn, and the animals were allowed to 
recover. Antibiotics were administered postoperatively, 
and analgesic therapy was administered as needed. 


Ganglionated Plexus Stimulations 


The second stage of the experiment was performed on the 
seventh to the fourteenth postoperative day. Sodium 
pentobarbital (2.5 mg/kg) was administered intravenously 
to the animals for light sedation, with repeated doses as 
required throughout the experiment. Cannulas attached 
to model 80 Trantec Bentley transducers were placed into 
the femoral arteries and led to the left ventricular cavity 
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and the in=-athoracic aorta. Aortic and left interventricular 
chamber pressures were recorded on a Beckman type 504 
dynograph. eight-channel pen recorder along with a lead 
II electrocardiogram. The pacemaker wires were identi- 
fied under the skin and exposed through a small skin 
incision. 

Electrical pacing of the right atrium was performed to 
induce supraventricular tachydysrhythmias. In the first 3 
animals, th:s was done on the second, third, fourth, and 
seventh postoperative days. As no sustained arrhythmias 
were induced on the second, third, and fourth postoper- 
ative days, stimulations were performed in these and all 
other animals on the seventh to fourteenth postoperative 
days. This was accomplished by stimulating one pair of 
the atrial bipolar electrodes with a Grass SD9 square-wave 
stimulator, the output of which was monitored on a ` 
Tektronix D13 dual-beam oscilloscope. Various stimulat- 
ing variables were used. We found that 10-V, 4-ms, and 
100-Hz trains of stimuli lasting for 30 seconds to 1 minute 
were best for consistently inducing sustained atrial ar- 
rhythmias. Lesser voltages or frequencies did not induce 
sustained arrhythmias. By these means, arrhythmias last- 
ing more then 4 minutes after termination of the stimula- 
tion were generated and therefore were classified as 
sustained arrhythmias. 

When cardiac rhythm was normal, the bipolar elec- 
trodes placed in the right atrial ventral ganglionated 
plexus were activated by 15-V, 5-ms, 20-Hz stimuli, which 
were monitored on an oscilloscope. Then sustained ar- 
rhythmias were reinduced and, after 1 minute of sus- 
tained arrhyihmia, the right atrial ventral ganglionated 
plexus was r2stimulated as described above. Thereafter, 
atropine sulfate (1 mg/kg) was administered intrave- 
nously and, after induction of the arrhythmia, the right 
atrial ventral ganglionated plexus was restimulated. 
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Table 1. Cardiovascular Effects of Electrically Induced Arrhythmias 





Ventricular Rate (beats/min) 


Mean Aortic Pressure (mm Hg) 


LV Systolic Pressure (mm Hg) 

















Type of P , p ‘ p 
Arrhythmia n Before Arrhythmia Value Before Arrhythmia Value Before Arrhythmia Value 
Atrial fibrillation 3 138 + 6 197 +7 0.0005 85 +7 77 +4 NS 97 + 5 88 + 6 NS 
Atrial tachycardia 8 13944 209 + 8 0.0001 933 8245 0.0001 110+4 101 +3 0.0001 
AV nodal rhythm 6 126249 181 + 6 0.0001 90+4 7524 0.001 110 + 8 847 0.001 
Atrial flutter 1 130 165 83 115 107 





Atrial stimulation induced the listed arrhythmias, during which the contractile rate of the ventricles (ventricular rate in beats per minute), mean aortic 
pressures (in mm Hg) and left ventricular chamber systolic pressures (in mm Hg) were altered. 


AV = atrioventricular: LV = left ventricular. 


Data Analyses 

The rate at which the ventricles were contracting, mean 
aortic pressures, and peak systolic left ventricular cham- 
ber pressures were measured for ten consecutive cardiac 
cycles, and the mean + standard error of the mean was 
calculated. The cardiac responses elicited by atrial pacing 
were divided into four groups according to the type of 
arrhythmia generated; in some animals more than one 
type of arrhythmia developed on repeat atrial stimulation. 
The cardiac responses elicited in each group were evalu- 
ated by comparing the variables measured immediately 
before each intervention with changes elicited after each 
intervention. Data obtained before and after atrial stimu- 
lations, as well as before and after right atrial ventral 
ganglionated plexus stimulations during sustained su- 
praventricular tachyarrhythmias, were compared by Stu- 
dent's t test. 


Results 


Generation of Atrial Arrhythmias 


Stimulating right atrial tissue of the 8 dogs resulted in 
various types of dysrhythmias being induced for periods 
of time lasting 4 minutes or more. Because the right 
atrium was restimulated several times in each animal, a 
number of different arrhythmias were induced in the 
entire group (Table 1). These included atrial fibrillation in 
3 animals, atrial tachycardias in 8 animals, various atrio- 
ventricular nodal ectopic rhythms in 6 animals, and atrial 
flutter in 1 animal. During these arrhythmias, ventricular 
contraction rates were faster than normal and irregular. 
Lower mean systolic intraventricular and aortic pressures 
were generated during atrial tachycardias and atrioven- 
tricular nodal rhythms (Table 1). In several instances 
during irregular ventricular contractions, left ventricular 
systolic pressure was so low that no aortic pressure was 
generated during many cardiac cycles (Fig 2B). In addi- 
tion, pulsus alternans was induced in a number of in- 
stances, the weaker contraction producing low ‘Fig 3A) or 
no (Fig 3B) aortic pressure. 


Effects of Right Atrial Ganglionated Plexus Stimulation 
on Cardiodynemics During Tachyarrhythmias 


When the right atrial ventral ganglionated plexus was 
stimulated in control states, bradycardia was induced. 


When these stimuli were repeated after cardiac arrhyth- 
mias had been induced, the overall rate at which the 
ventricles contracted was reduced, resulting in an in- 
crease in mean aortic pressure. When atrial fibrillation 
was induced in 3 animals, right atrial ganglionated plexus 
stimulation reduced ventricular rate. This in turn resulted 
in a more regular rate of contraction of the ventricles and 
thus relatively consistent systolic pressure generation in 
the left ventricular chamber and, therefore, in the aorta 
(Fig 2B, C). 

Atrial tachycardia was induced in all 8 dogs. This was 
accompanied by a reduction in mean aortic pressure and 
left ventricular systolic pressure (see Table 1). When the 
right atrial ventral ganglionated plexus was stimulated 
during these episodes, heart rate was reduced and left 
ventricular systolic pressure increased (Table 2). Pulsus 
alternans also developed during many of these tachycar- 
dias. When the right atrial ventral ganglionated plexus 
was stimulated during pulsus alternans, in every instance 
each cardiac cycle generated aortic pressures of relatively 
similar magnitude (Figs 2A, 3). 

In 6 dogs, a fast atrioventricular nodal rhythm devel- 
oped during and after stimulation of right atrial tissue. In 
these instances, right atrial ventral ganglionated plexus 
stimulation induced ventricular slowing throughout the 
period of stimulation so that mean aortic pressure in- 
creased. Pulsus alternans was also produced in 4 of these 
dogs during fast atrioventricular nodal rhythms (Fig 3A). 
This was consistently converted to a normal contractile 
pattern when the right atrial ventral ganglionated plexus 
was stimulated (Fig 3B). In the one case of induced atrial 
flutter, right atrial ventral ganglionated plexus stimulation 
produced slower and more regular ventricular contractile 
rates. In that animal, heart rate was slowed (165 to 123 
beats per minute) and mean aortic pressure increased (85 
to 92 mm Hg). After atropine administration, no slowing 
of heart rate was induced when the atrial ganglionated 
plexus was stimulated. 


Comment 


The occurrence of supraventricular tachycardias after 
open heart operations in adults is common [1], particu- 
larly in older male patients [10]. Its etiology are unknown. 
Supraventricular tachycardia commonly occurs 2 days 
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Fig 2. (A) Effects of right atrial ventral ganglionated plexus stimulation (arrow denotes start of stimulation) on cardiodynamics during induced 
atrial tachycardia. The pulsus alternans accompanying the tachycardia was converted, after a period of asystole, to a state in which every ventricu- 
lar contraction generated aortic pressure of relatively similar magnitude. (B) Atrial fibrillation was induced in another animal, resulting in irregular aor- 
tic and left ventricular pressure systolic pressure generation. (C) When the right atrial gangliorated plexus of the animal used to illustrate panel B was 
stimulated, ventricular and aortic pressure generation became relatively consistent. (AP = aort’c pressure; LVP = left ventricular chamber pressure.) 


after operation and has been attributed to a direct inflam- Although supraventricular tachycardia is generally 
matory response [10]. This was certainly a contributing treated pharmacologically, intubation and cardioversion 
factor in the genesis of electrically induced supraventric- is required in patients in whom unstable hemodynamics 
ular tachycardia in the present investigation and in that develop during this state. Although most patients re- 
reported by Pagé and colleagues [9]. spond transiently to agents that slow heart rate, perma- 


Table 2. Effects of Right Atrial Ganglionated Plexus Stimulation 











Ventricular Rate (beats/min) Mean Aortic Pressure (mm Hg) 
Type of p P 
Arrhythmia n Before Stimulation Value Before Stimulation Value 
Atrial fibrillation 3 197 +7 122 +6 0.0005 77 +4 8429 0.0005 
Atrial tachycardia 8 209 + 8 145 +5 0.0001 82 +5 90 +4 0.0001 
AV nodal rhythm ` 6 181 + 6 138 + 8 0.0001 744 88 +7 0.001 
Atrial flutter 1 165 123 83 92 





Stimulation of the right atrial ventral ganglionated plexus during each of the arrhythmia phases sown in Table 1 resulted in changed ventricular contractile 
rates and mean aortic pressures. 


AV = atrioventricular. 
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Fig 3. (A) Supraventricular tachycardia induced in another animal, resulting in pulsus alternans. When the right atrial ganglionated plexus was 
stimulated (arrow, top), ventricular rate was slowed and aortic pressure generation became regular. (B) During a supraventricular tachycardia 
induced in another animal, pulsus alternans was induced s3 that every second systole did not generate aortic pressure. When the right atrial ver- 
tral ganglionated plexus was stimulated (arrow, top of parel), ventricular contractile rate was slowed and then every ventricular contraction re- 
sulted in relatively consistent aortic pressure generation. (AP = aortic pressure; LVP = left ventricular chamber pressure.) 


nent cardioversion to sinus rhythm may take several 
days. We investigated whether direct electrical stimula- 
tion of atrial ganglionated plexi known to contain vagal 
efferent neural elements could modify the ventricular rate 
in sedated dogs during control conditions as well as 
during supraventricular tachyarrhythmias. Ganglionated 
plexi have been identified in collections of fat on the 
ventral surface of canine atria [3] and ventricles [7]. 
Electrical stimulation of discrete loci in these ganglionated 
plexi can elicit cardiac responses, including bradycardia 
[4]. These loci occur most consistently in an area just 
anterior (ventral) to the right superior pulmonary vein, an 
area that is widely divided when the mitral valve is 
exposed by a right interatrial groove incision in humans. 

In the present study, different types of atrial arrhyth- 
mias were produced in all dogs using the protocol de- 
scribed by Pagé and colleagues [9]. In all animals, atrial 
and ventricular rhythm became regular when the right 
atrial ventral ganglionated plexus was stimulated. Electri- 
cal stimulation of the right atrial ganglionated plexus 
modified ventricular rate both before and after tachycar- 
dias were induced. In addition, ventricular performance, 
as measured by mean aortic pressure, during these tachy- 


cardias was improved, The effects on heart rate induced 
by neural stimulations presumably resulted from activa- 
tion of efferent parasympathetic neural elements because 
the responses were not elicited after atropine administra- 
tion. The main right vagosympathetic complex is accessi- 
ble in humans behind the superior vena cava [11]. Be- 
cause most cardiac branches leave this complex cephalad 
to the heart, stimulating this structure at the level of the 
heart presumably would yield varying cardiac responses. 
If cardiac vagal efferent neural elements are located adja- 
cent to the right superior pulmonary vein in humans, it 
may be possible to stimulate these cardiac ganglionated 
plexi in humans to manage postoperative supraventricu- 
lar tachycardias. 
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Systemic Arterial Air Embolism in Penetrating 


Lung Injury 


Aaron S. Estrera, MD, Lawrence J. Pass, MD, and Melvin R. Platt 


Division of Thoracic and Cardiovascular Surgery, The University of Texas Southwestern Medical Center at Dallas, Parkland 


Memorial Hospital, Dallas, Texas 


Systemic arterial air embolism is frequently unrecog- 
nized as a cause of death among patients with isolated 
penetrating lung injury. Between 1975 and 1983 at Park- 
land Memorial Hospital, the complication of systemic 
arterial air embolism developed in 9 patients with pen- 
etrating lung injury (six gunshots and three stabbings). 
Eight patients were either in profound shock or experi- 
enced cardiac arrest and all were intubated and on 
positive-pressure ventilation, frequently on a manual 
resuscitator bag before or at the time of diagnosis. The 
diagnosis was made by direct visualization of air in the 
coronary vessels in all 9 patients, and in 3 air was also 
aspirated from the left ventricular apex and aortic root. In 
addition, 5 patients had clinically significant hemopty- 


Gystemic arterial air embolism as a complication of 
penetrating lung injury is a relatively recent observa- 
tion. Its acceptance as a specific clinical entity has been 
very slow in coming, a situation not too dissimilar from 
what took place at the turn of the century regarding a 
little-known entity called “pleural shock” syndrome. 


Pleural shock, as originally described by Roger in 1864 [1], 


was characterized by the sudden onset of hemodynamic 
collapse, seizures, and, at times, sudden death occurring 
as a complication of thoracentesis, therapeutic pneumo- 
thorax, and pulmonary resection [1-4]. Initially, this phe- 
nomenon was attributed to cardioinhibitory or vasomotor 
effects and other so-called pleural reflexes, which were 
somehow triggered by invasive procedures involving the 
pleural cavity [3, 4]. Subsequently, air embolism was 
suspected to be the underlying mechanism. The clinical 
report by Brandes [5] and the later animal experiments by 
Van Allen and co-workers [6] and Moore and Braselton [7] 
established the definitive relationship between systemic 
arterial air embolism and the phenomenon of pleural 
shock. 

Reports of air embolism complicating penetrating lung 
injury have appeared in the literature only in the past two 
decades. To our knowledge, no case has been reported in 
any of the major wars of this century. In 1966, Chiu and 
associates [8] were first to confirm the occurrence of 
coronary artery air embolism in the presence of lung 
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sis. At operation, only an isolated injury to the lung was 
found in 7 of the 9 patients. Arterial air embolism is a 
highly lethal complication; 6 of our patients died, a 
mortality rate of 66%. Thus, it clearly behooves us to be 
more alert to the possible occurrence of this complication 
among all victims of penetrating chest trauma. We must 
accept that systemic arterial air embolism is an estab- 
lished complication of penetrating lung injury and must 
recognize that it occurs much more frequently than has 
been previously reported. Prompt diagnosis coupled 
with aggressive efforts at cardiopulmonary resuscitation 
is crucial for successful management of patients with air 
embolism. 

(Ann Thorac Surg 1990;50:257-61) 


injury in an animal experiment in which a dog's lungs 
were lacerated and ventilated with high (40 mm Hg) 
intrabronchial pressure. In 1973, Thomas [9] published 
the first clinical report of 4 patients with penetrating lung 
injury in whom this complication developed. This report 
caused skepticism and stimulated controversy in many 
trauma centers in this country, including our own; how- 
ever, subsequent laboratory investigations and clinical 
experiences [9, 10] confirmed the earlier observations of 
Chiu and Thomas. The recent autopsy study by King and 
associates [11] conclusively documented the occurrence of 
this complication; these investigators even suggested that 
systemic arterial air embolism may frequently be the cause 
of death among patients with isolated penetrating lung 
injury. 

Between 1975 and 1983 at Parkland Memorial Hospital, 
one of us (A.S.E.) personally managed 9 patients in whom 
systemic arterial air embolism developed after penetrating 
lung injury. This report retrospectively analyzes this 
group of patients. 


Clinical Experience 


Before 1975, we were skeptical, as were many othez 
investigators, that systemic air embolism could complicate 
pulmonary injury. In 1975, however, our skepticisi. 
ended when a young man was admitted to the emergency 
department with a gunshot wound to the left chest. 
Resuscitation, including emergency department thoracot- 
omy, was unsuccessful. During resuscitation, however, 
localized crepitation was palpable deep in both groins. 
Although this was initially believed to be subcutaneous 
emphysema, needle aspiration revealed air in the femoral 
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Fig 1. A massive amount of air has been aspirated from the left ventricle. Bubbles of air are evident leaking through the left ventricular needle- 
punctured site. 


arteries. Systemic arterial air embolism was confirmed by 
visualization of air in the coronary vessels and by aspira- 
tion of a large volume of air from the left ventricular apex 
and aortic root (Fig 1). Vigorous air leak with foamy 
air-blood admixture exuding from both the entry and exit 
wound of the left upper lobe of the lung was also noted; 
this was the only clinically significant injury found. It was 
evident that the patient died of massive systemic arterial 
air embolism. After this incident, concerted efforts were 
made to diagnose this complication among victims of 
penetrating chest injury. During the ensuing 8-year pe- 
riod, 8 additional patients were examined by one of us 
(A.S.E.). The clinical summaries of these cases are pre- 
sented in Table 1. 

The patients ranged in age from 15 to 42 years; 6 
sustained gunshot wounds and 3 sustained knife 
wounds. Three patients who arrived in the emergency 
department without vital signs and with cardiopulmonary 
resuscitation in progress had thoracotomy performed 
there. Five patients were in profound shock and were 
rushed to the operating room; only 1 patient was in stable 
condition on arrival, and he required an urgent thoracot- 
omy for massive hemothorax. 

All patients were intubated and on positive-pressure 
ventilation, frequently with a manual resuscitator bag, at 


the time the diagnosis of systemic air embolism was 
made. At operation, every patient had either a deep 
puncture wound or a through-and-through wound of the 
lung in close proximity to the hilum. In 7 of the 9 patients, 
the lung injury was the only clinically significant finding. 
Of the other 2, 1 patient had a superficial avulsive-type 
laceration of the lateral wall of the left ventricle and the 
other had a thoracic spinal cord injury (T-4 level). Five 
patients had massive amounts of blood suctioned from 
the endotracheal tube, severely compromising mechanical 
ventilation. In every patient, the diagnosis of air embo- 
lism was made by direct visualization of air in the coro- 
nary vessels; in 3 patients, a large volume of air was also 
aspirated from the left ventricular apex and aortic root. In 
4 patients, vigorous air leaks with blood exuding from the 
wound or wounds of the lung were noted. Four patients 
survived the operation; 3 were discharged with complete 
recovery, and 1 died a week later with severe neurological 
deficit. 


Comment 


The incidence of systemic air embolism complicating 
penetrating lung injury remains obscure for several rea- 
sons. First, the clinical manifestations of systemic air 
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Table 1. Air Enibolism Complicating Penetrating Lung Injury (Parkland Memorial Hospital, 1975-1983) 





Patient Age Operative Procedure 
No. (yr) Sex Typeofinjury Clinical Presentation and Findings Diagnosis Outcome 
1 34 M GSW(L)chest Agonal, shock, massive EDT (anterior); through-and- Air in coronary Died 
hemothorax through wound of LUL vessels; air 
with vigorous air leak aspirated from 
femoral arteries, 
LV apex, and 
aortic root 
2 22 GSW (L) chest Hypotensive, massive Left posterolateral Airin the coronary Died 
hemothorax: sudden thoracotomy; deep wound vessels; air 
cardiac arrest of LUL; blood in aspirated from LV 
endotracheal tube apex and aortic 
root 
3 14 GSW (L) chest Agonal, shock, massive EDT (anterior); through-and- Air in coronary Died 
hemothorax through wound LLL; blood vessels 
in the endotracheal tube 
4 24 GSW (R) chest Hypotensive, massive Right posterolateral - Air in coronary Survived; 
hemothorax; thoracotomy; through-and- vessels discharged 
stabilized with through wound RUL with 
volume replacement; large air leak and bleeding 
sudden cardiac arrest from the wounds; RUL 
lobectomy 
5 18 SW (L) chest Hypotensive, massive Left posterolateral Air in coronary Survived; 
hemothorax; thoracotomy; substantial vessels discharged 
stabilized with amount of blood in 
volume replacement; endotracheal tube with 
sudden cardiac arrest difficulty of ventilation; 
deep puncture wound LLL; 
LLL lobectomy 
6 28 GSW (L) chest Stable; massive Left anterior thoracotomy; Air in coronary Survived 
hemothorax; avulsive wourid in the vessels operation, 
proximity to the lateral LV; through-and- bit died 
heart; sudden cardiac through wound LUL with with 
arrest vigorous air leak; LUL severe 
lobectomy neurological 
deficit 
7 24 SW (L) chest Hypotensive; tension EDT (anterior); deep Air in coronary Died 
hemopneumothorax; laceration LUL with vessels 
sudden cardiac arrest vigorous air leak 
8 28 F SW (L) chest Hypotensive; massive Median sternotomy; deep Air in coronary Died 
hemothorax; T-4 puncture wound LUL; vessels; air 
level paraplegia; blood in endotracheal tube aspirated from LV 
sudden cardiac arrest apex and aortic 
: root 
9 42 M GSW (R)chest Hypotensive; massive Median sternotomy; through- Air in coronary Survived; 
hemothorax; and-through wounds of vessels discharged 
proximity to the middle lobe with vigorous 
heart air leak and bleeding; blood 


EDT = emergency department thoracotomy; GSW = gunshot wound; 
lobe; RUL = right upper lobe; SW = stab wound. 


embolism are so insidious and nonspecific that the diag- 
nosis is rarely suspected in a seriously injured patient. 
Second, the diagnosis is usually made only on direct 
visualization of air in the coronary vessels or by aspiration 
of air from the left ventricle or great vessels; therefore, it 
is usually made only at the time of thoracotomy. Third, 
there is still no standard postmortem method for defini- 


in endotracheal tube; RML 
lobectomy 


LUL = left lower lobe; LV = left ventricular; RML = right middle 


tive diagnosis of this entity. It is to be hoped that the 
technique used by King and associates [11] will be 
adopted by other forensic pathologists and will improve 
our overall diagnostic capability. 

After a penetrating chest injury, air has the potential to 
gain access to either the systemic venous or arterial 
circulation. Systemic venous air embolism was reported 
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as the possible cause of death in a patient who sustained 
a gunshot wound to the chest. In this patient, the sur- 
geons theorized that a massive amount of air from an 
associated pneumothorax. entered the venous circulation 
through a severed subclavian vein [12]. Apart from this 
single patient, there have been no other similar reports. 
Thus, in penetrating lung injury, the major concern 
regarding air embolism must be focused on interruption 
of the systemic arterial circulation, most specifically the 
cororiary circulation. 

The traumatic creation of a serious bronchopulmonary 
venous fistula is the primary underlying mechanism in 
the development of this complication. The deep puncture 
stab wounds and through-and-through bullet wounds in 
close proximity to the hilum seen in our patients are the 
types of injury that create and maintain a sizable fistulous 
communication between the proximal brorichus and a 
pulmonary vein. Unlike the pulmonary artery, which is in 
close proximity to its accompanying bronchus along its 
entire course, the pulmonary vein is in close proximity to 
its bronchus only in the hilar region. Detailed anatomical 
dissections of the lung specimen were performed in 6 of 
our cases, and in 3 a fistulous communication was clearly 
demonstrated. In 3 others, the missile tract could be 
demonstrated to have served as the conduit between the 
openings in the bronchus and pulmonary vein. The 
presence of a fistula coupled with high positive-pressure 
ventilation favors movement of air from the bronchus into 
the pulmonary vein and then into the left atrium and the 
systemic arterial circulation. In addition to this anatomical 
feature, however, other factors, such as hemodynamic 
status and pressure gradient between the bronchus and 
pulmonary vein, are very important. In these seriously 
injured trauma victims, hypotension, hypovolemia, and 
positive-pressure ventilation create a favorable environ- 
ment for development of this complication. 

The role of positive-pressure ventilation in the develop- 
ment of traumatic systemic air embolism is well estab- 
lished [8, 13, 14]. Animal experiments demonstrate that 
during normal ventilation (inspiratory pressure of 10 to 20 
mm Hg), pulmonary venous pressure is higher than 
intrabronchial pressure. During mechanical ventilation 
with inspiratory pressure up to 40 mm Hg, pulmonary 
venous pressure increases even more as a consequence of 
intrathoracic pressure transmission [8]. In the presence of 
a bronchus to pulmonary venous communication, this 
pressure differential tends to favor movement of blood 
from the pulmonary vein into the bronchial tree and thus 
explains the onset of intrabronchial bleeding or hemopty- 
sis that frequently occurs in these patients. When the 
ventilating pressure exceeds 40 mm Hg, however, the 
intrabronchial pressure increases above pulmonary 
venous pressure, reversing the existing pressure gradient 
between these two structures. This time, the pressure 
change allows movement of air into the pulmonary vein 
and into the left side of the heart. This high inspiratory 
pressure is easily achieved, especially during resuscita- 
tion. Direct measurements of inspiratory pressure among 
trauma victims during resuscitation have recorded pres- 
sures as high as 100 mm Hg [13]. This exceedingly high 
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ventilating pressure may also explain why body position 
does not appear to influence the occurrence of this com- 
plication. In our series, we observed this complication 
during a standard posterolateral thoracotomy (straight 
lateral position), a median sternotomy (supine position), 
and an anterior thoracotomy (45-degree lateral position). 

Unlike massive air embolism complicating cardiopul- 
monary bypass procedures, in which the immediate con- 
cern is in the interruption of cerebral blood flow and 
resultant brain damage, the primary concern with sys- 
temic arterial air embolism complicating a penetrating 
lung injury is in the interruption of the coronary blood 
flow and resultant myocardial injury. The effects of even 
small amounts of air in the coronary circulation are well 
known [15]. For patients to survive this catastrophic 
event, it is imperative that the diagnosis be made 
promptly and the source of air emboli be interrupted 
immediately. 

Several clinical features should alert the surgeon to this 
complication: (1) a sudden hemodynamic collapse, usu- 
ally with ventricular fibrillation, in a previously stable 
patient; (2) hemoptysis or recovery of blood with endo- 
tracheal tube suctioning; (3) the presence of a vigorous air 
leak with foamy air-blood admixture exuding from the 
wound or wounds of the lung; and (4) the sudden onset of 
seizures. 

Once the diagnosis is suspected, the hilum or pedicle of 
the involved lung or lobe must be clamped immediately. 
This maneuver, interrupting the source of air emboli, is 
the single most important therapeutic maneuver. Diagno- 
sis is confirmed by exposure of the heart and careful 
inspection of the coronary vessels for the presence of air 
bubbles while vigorous cardiac massage is initiated. This 
is the one rare event in trauma care for which evaluation 
and resuscitation must be- performed simultaneously. 
Subsequently, a series of critical maneuvers designed to 
facilitate rapid removal of air from the coronary circulation 
is started. Ventilatory pressure is decreased, ventilation is 
maintained with 100% oxygen, and the patient is placed 
in a steep head-down position. Vigorous cardiac massage 
is continued while proximal aortic hypertension is in- 
duced by manual occlusion of the ascending or descend- 
ing aorta as recommended by Geohegan and Lam [16]. 
The left ventricular apex and aortic root are then aspi- 
rated; sometimes, even direct needle puncture of the 
coronary arteries is used to facilitate removal of air. 

After these measures have been taken, cardiac rhythm 
is restored by defibrillation, and adequate blood pressure 
is maintained by infusion of vasopressors as needed. 
Definitive lung resection, frequently lobectomy, is then 
performed while the hilum remains clamped. 

In the recovery period, as with any other form of 
systemic arterial air embolism, the main concern is the 
status of the patient’s cerebral function. Although none of 
our 3 long-term survivors had any serious neurological 
deficit, Yee and associates [17] reported that a few of their 
patients indeed had some neurological sequelae that 
resolved with time. It is our impression that when cere- 
bral circulation is seriously interfered with by air emboli 
complicating penetrating lung injury, the embolism is so 
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massive that it is probably incompatible with life. Indeed, 
1 of our patients who survived the immediate postopera- 
tive period died a week later, having failed to recover 
from a severe neurological deficit. 

As described by other investigators and cor-firmed in 
this report, the highly lethal complication of thoracic 
trauma, air embolism, often occurs among patients with 
isolated, easily repairable lung injuries. It behooves us to 
be even more cognizant of the occurrence of this compli- 
cation. At present there should be no more doubts as to 
the existence of the clinical entity of systemic arterial air 
embolism complicating a penetrating injury to the lung. 
In fact, we can assume that this complication occurs much 
more frequently than was previously reported, and that 
only conscious efforts on the part of physicians involved 
in the management of chest trauma are necessary. for 
prompt diagnosis and salvage of these patients. 
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The optimal calcium concentration in cardioplegia for 
the newborn has not been determined. Therefore, the 
effect of 0, 0.6, 1.2, 1.8, and 2.4 mmol/L calcium in 
modified St. Thomas cardioplegia was evaluated in iso- 
lated working hearts of 7- to 10-day-old rabbits. Func- 
tional recovery was determined by comparing aortic 
flow, developed pressure, and first derivative of left 
ventricular pressure (dP/dt) before and after 1 hour of 
normothermic (37°C) ischemia. As percentages of base- 
line values, recovery of developed pressure and dP/dt 
averaged 10% + 1% (mean + standard error of the mean) 
and 10% + 1% with 0 mmol/L, 46% + 7% and 44% + 8% 
with 0.6 mmol/L, 79% + 2% and 76% + 2% with 1.2 
mmol/L, 67% + 2% and 61% + 5%.with 1.8 mmol/L, and 
65% + 5% and 65% + 7% with 2.4 mmol/L calcium, 
respectively. Significant improvement in recovery of 
developed presoun: and dP/dt was detected when the 


ascular conduits, suture material, surgical instrumen- 
tation, and technical expertise have improved dra- 
matically over the last three decades, as surgeons accu- 
mulated experience in performing procedures to repair 
congenital cardiac defects. Myocardial protection in the 
neonate, however, remains a critical problem. Cardiople- 
gic solutions and techniques that may be effective in the 
adult do not always provide equivalent protection for the 
immature heart. 

The objective of the present study was to focus on a 
specific component of neonatal cardioplegia, the concen- 
tration of calcium, to determine how it may influence 
functional recovery after a standardized episode of global 
ischemia. Under normal conditions, fluctuations in intra- 
cellular calcium enable contraction to occur, modulate the 
strength of contraction, and play a role in many other 
aspects of cell function. Calcium can also be a mediator of 
biochemical, structural, and functional damage during 
and after ischemia [1, 2]. To minimize injury produced by 
calcium during ischemia or reperfusion, subphysiological 
calcium concentrations have been used in cardioplegia 
solutions [3, 4]. This strategy is constrained, however, by 
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calcium concentration was increased from 0 to 0.6 mmol/ 
L and from 0.6 to 1.2 mmol/L, but the groups with 1.2, 
1.8, and 2.4 mmol/L did not differ from one another 
significantly in terms of developed pressure and dP/dt 
recovery. There was no recovery of aortic flow when 0 
mmol/L calcium was used; at calcium concentrations of 
0.6, 1.2, 1.8, and 2.4 mmol/L, recovery of aortic flow 
averaged 16% + 7%, 63% + 10%, 23% + 10%, and 36% + 
11% of baseline values, respectively. Recovery of aortic 
flow with 1.2 mmol/L calcium was significantly higher 
than at concentrations of 0.6 and 1.8 mmol/L. In the 
rabbit exposed to normothermic ischemia, we conclude 
that neonatal cardioplegia requires calcium to be effec- 
tive and that 1.2 mmol/L represents the optimal calcium 
concentration for the best combination of recovery in 
aortic flow and developed pressure. 

(Ann Thorac Surg 1990;50: 262-7) 


the requirement for some calcium to maintain structural 
integrity of myocardial cells [2]. In addition, if calcium 
concentrations below a critical level are used, the “calcium 
paradox” and associated severe injury [5, 6] may occur 
during reperfusion. Thus, both the potential benefits and 
dangers of calcium must be considered when cardioplegic 
solutions are designed. 

The specific objective of the present study was to 
determine the optimal calcium concentration in cardiople- 
gia for neonatal myocardium. Experiments were con- 
ducted in isolated neonatal rabbit hearts in which car- 
dioplegic solutions containing different concentrations of 
calcium were administered. Relative recoveries of devel- 
oped pressure (DP), first derivative of left ventricular 
pressure (dP/dt), and aortic flow after 60 minutes of 
normothermic ischemia were used to determine the most 
beneficial calcium concentrations in cardioplegia. 


Material and Methods 


The experimental preparation used in this study has been 
described previously [7-9]. We studied the hearts from 
New Zealand White rabbits, aged 7 to 10 days (weighing 
75 to 150 g). The animals were killed, and the heart and 
lungs were rapidly excised en bloc and placed in a 4°C 
physiological saline solution (PSS). The aorta was cannu- 
lated to enable establishment of retrograde (or Langen- 
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Fig 1. Analog tracings of left ventricular 
pressure (LVP) and its first derivative (¢P/ 
dt) from three experiments to demonstrate 
the appearance of waveforms derived from 
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the high-fidelity micromanometers (model 
SPR 249, Millar Instruments) used in this 
study. The tracings illustrate typical find- 
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emic periods during which cardioplegia 
containing different concentrations of cal- 
cium was infused. The best recovery was 
evident with 1.2 mmol/L of calcium; the 
worst recovery was with acalcemic car- 
dioplegia; LVP and dP/dt tended to be 
lower with 2.4 mmol/L of calcium in car- 
dioplegia than with 1.2 mmol/L of calcium. 
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Preischemic 


dorff) perfusion at an aortic pressure of 55 cm H,O 
(approximately 40 mm Hg). The PSS contained (in milli- 
moles per liter! NaCl, 118; NaHCO;, 25; KH,PO,, 0.66; 
KCL 4; MgCl, 1.2; CaCl, 2.4; and dextrose, 11.1. The PSS 
was equilibrated with 95% oxygen and 5% CO, with a pH 
of 7.4 at 37°C; it was filtered through a 3-um filter (model 
AP25, Millipore, Bedford, MA). The oxygen tension of the 
perfusate was maintained above 600 mm Hg by continu- 
ous oxygenation of the reservoir containing PSS. i 

The heart was perfused in retrograde fashion and 
remained in the “nonworking” mode for 10 minutes after 
the aorta was cannulated. During this time, the pulmo- 
nary veins were ligated and a cannula was secured in the 
left atrium. Then the heart was converted to the “work- 
ing” mode by clamping the aortic inflow line (stopping 
retrograde perfusion).and opening the aortic ejection and 
atrial inflow lines, similar to methods described originally 
by Neeley and colleagues [10] and later modified by 
Hearse and co-workers [11]. The atrial inflow reservoir 
was positioned 20 cm above the heart and the heart 
ejected into a column of PSS 55 cm in height. The heart 
was bathed in PSS at 37°C in a glass organ bath. Temper- 
atures were continuously monitored with a thermistor 


Postischemic 










probe (Yellow Springs Instrument, Yellow Springs, OH) 
on the surface of the heart. 

After the hearts were maintained in the working (or 
ejecting) mode for 30 minutes, baseline measurements 
were obtained. Aortic flow and coronary flow were mea- 
sured by timed collections from the aortic ejection column 
and right ventricular effluent, respectively. After flows 
were calculated, left ventricular pressure was measured 
by threading a miniature (3F) catheter-mounted microre- 
nometer (model SPR 249, Millar Instruments, Houstor., 
TX) through the left atrial inflow cannula and mitral valve 
into the left ventricle. Analog tracings of left ventricular 
pressure and its first derivative were recorded on a 
pressurized ink chart recorder (model 2600S, Gould In- 
struments, Cleveland, OH). Examples of tracings from 
three experiments are shown in Figure 1. Peak systolic 
pressure, end-diastolic pressure, DP (difference between 
peak and end-diastolic pressure), and peak positive dP/dt 
were measured. Following our usual conventions [9], data 
were not used if the hearts were characterized by DPs less 
than 40 mm Hg, aortic flow less than 7 mL/min, and 


- coronary flow less than 4 mL/min or greater than aortic 


flow. 
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Table 1. Preischemic Hemodynamic Data" 





Ann Thorac Surg 
1990;50:262-7 


Calcium Concentration (mmol/L) 


Variable 0 0.6 

n 8 11 
LVSP (mm Hg) 68 + 2 69 +1 
LVEDP (mm Hg) 4+1 6Ł1 
DP (mm Hg) 64 +3 6442 
(+)dP/dt (mm Hg/s) 1,569 + 97 1,557 + 53 
AF (mL/min) 2141 2241 


° Data are reported as mean + standard error of the mean. 


AF = aortic flow; 
end-diastolic pressure; 


DP = developed pressure; 
LVSP = left ventricular systolic pressure; 


When baseline measurements were completed, the 
aortic and left atrial lines were clamped to render the heart 
globally ischemic and the hearts were perfused retrograde 
for 5 minutes with St. Thomas cardioplegia containing 
different concentrations of calcium. The hearts were isch- 
emic for 60 minutes. Myocardial surface temperature was 
maintained at 37°C by suspending the heart within a 
thermostatically controlled organ bath. The hearts did not 
contact any solutions within the organ bath. A second 
5-minute infusion of cardioplegia was delivered begin- 
ning 30 minutes after the start of the ischemic period. At 
the end of the 60 minutes of ischemia, the hearts were 
reperfused in retrograde fashion with PSS for 10 minutes 
and were then converted to the working mode for 30 
minutes. At the end of this period, functional measure- 
ments were repeated for comparison with baseline values. 

Five different groups were evaluated. In each, the St. 
Thomas cardioplegia was modified to contain either 0 (n 
= 8), 0.6 (n = 11), 1.2 (n = 10), 1.8 (n = 11), or 2.4 (n = 
10) mmol/L calcium. The pH of the solutions was adjusted 
to 7.4 with 0.1 N HCI before they were infused. The 
calcium concentrations were verified with atomic absorp- 
tion spectrometry. Acid-washed glassware and tubing 
were used for acalcemic experiments. 

Data are mean + standard error of the mean. Paired t 
tests were used to compare baseline with recovery data 
within each of the five groups. Analysis of variance was 


Table 2. Postischemic Hemodynamic Data 


(+)dP/dt = peak positive first derivative of left ventricular pressure; 
NS = not significant. 





1.2 1.8 2.4 p Value” 
10 11 10 
70 +2 68 + 2 69 +2 NS 
341 4x1 4+1 NS 
67 +2 6442 65 + 2 NS 
1,755 + 77 1,650 + 66 1,565 + 91 NS 
20+1 19 +3 21+ 1 NS 


> Determined by analysis of variance across groups. 


LVEDP = left ventricular 


used to compare differences across groups. When signif- 
icant F values were obtained, the Scheffé test was used to 
discriminate which groups differed from each other. 
Animals received care according to the “Principles of 
Laboratory Animal Care” of the National Society for 


-Medical Research and the “Guide for the Care and Use of 


Laboratory Animals” prepared by the National Academy 
of Sciences (NIH publication No. 80-23, revised 1978). 
This study was part of a project approved by the Univer- 
sity Committee on Use and Care of Animals at the 
University of Michigan (approval number 1748). 


Results 


Preischemic and postischemic pressure and flow mea- 
surements are summarized in Tables 1 and 2. Single-factor 
analysis of variance of preischemic DP, end-diastolic 
pressure, dP/dt, and aortic flow confirmed that baseline 
function was not significantly different among the five 
experimental groups (Table 1). After 60 minutes of nor- 
mothermic ischemia, significant changes were noted in all 
parameters at each calcium concentration (Table 2). End- 
diastolic pressures increased significantly in all five 
groups. The largest increase was in the group with no 
calcium. There were no significant differences in postisch- 
emic end-diastolic pressures among the groups receiving 
0.6, 1.2, 1.8, and 2.4 mmol/L calcium (Table 2). 


Calcium Concentration (mmol/L) 


Variable 0 0.6 

n 8 11 
LVSP (mm Hg) 30 + 2» 47 + 2° 
LVEDP (mm Hg) 24 + 1° 17 +2 
DP (mm Hg) 6+1? 3144? 
(+)dP/dt (mm Hg/s) 156 + 20° 732 + 134° 
AF (mL/min) 0? 4+ 2° 


1.2 1.8 2.4 p Value’ 

10 11 i 10 
6l+2 53 563 <0.001 
941 12+2 112 <0.001 
522 4342 45 +4 <0.001 
1,315 + 68 1,018 + 90 1,010 + 140 <0.001 
1242 5+ 2? 8+2 <0.001 





* Determined by analysis of variance across groups. 


AF = aartic flow; 
end-diastolic pressure; 


DP = developed pressure; 
LVSP = left ventricular systolic pressure. 


(+)dP/dt = peak positive first derivative of left ventricular pressure; 


> p < 0.05 as compared with 1.2-mmol/Lm Ca?* category. 


LVEDP = left ventricular 
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Fig 2. Relative recovery of developed pressure (DP) after 66 minutes 
of normothermic ischemia in neonatal rabbit hearts treated with dif- 
ferent concentrations of calcium. Data are presented as percentages of 
baseline values. Recovery averaged 10% + 1%, 48% + 6%, 78% + 
2%, 67% + 2%, ard 68% + 4% in the groups with 0, 0.6, 1.2, 
1.8, and 2.4 mmol/L of calcium, respectively. There were nc signifi- 
cant differences among the groups with 1.2, 1.8, and 2.4 mmol/L of 
calcium; the values of the groups with 0 and 0.6 mmol/L of calcium 
were significantly lower than that of the group with 1.2 mmol/L of 
calcium. The data indicate that acalcemic cardioplegia provides no ben- 
efit during normothermic ischemia in neonatal hearts and suggest that 
optimum protection is provided by cardioplegia containing aè least 1.2 
mmol/L of calcium.  p < 0.05; NS = not significant.) 


Percentage recovery data are shown in Figures 2 
through 4. The group with no calcium showed only 10% 
+ 4% recovery of DP after reperfusion. The grcup with 
0.6 mmol/L of calcium was characterized by significantly 
better recovery of DP, averaging 48% + 6% of baseline 
values. The group with 1.2 mmol/L of calcium was asso- 
ciated with recovery of DP (78% + 2%) that was signifi- 
cantly better than the results of the groups with ( and 0.6 
mmol/L of calcium. Recovery of DP appeared to plateau 
with the three high calcium concentrations: there were no 
significant differences between the calcium concentrations 
of 1.2 and 1.8 mmol/L (67% + 2%) or 1.8 and 2.4 mmol/L 
(68% + 4%) (Fig 2). 

The effects of different calcium concentrations in car- 
dioplegia on recovery, defined in terms of dP/dt, are 
shown in Figure 3. Percentage recovery averaged 10% + 
1%, 46% + 8%, 75% + 2%, 61% + 4%, and 63% + 7% in 
the groups with 0, 0.6, 1.2, 1.8, and 2.4 mmol/L of 
calcium, respectively. Recovery of dP/dt in the grcup with 
0.6 mmol/L of calcium significantly exceeded recovery in 
the group with no calcium. Recovery in the group with 1.2 
mmol/L of calcium was significantly greater thar. that in 
the groups with 0.6 and 0 mmol/L of calcium. There were 
no significant differences in recovery of dP/dt among the 
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groups with 1.2, 1.8, and 2.4 mmol/L of calcium (Fig 3), 
similar to the plateau of recovery observed with DP. 

The results in terms of aortic flow recovery are summa- 
rized in Figure 4. There was no recovery of ejection in the 
group with no calcium; none of the eight hearts in this 
group were able to eject after the ischemic period. In the 
group with 0.6 mmol/L of calcium, five of the 11 hearts 
ejected and recovery averaged 22% + 9% of baseline 
values for the entire group. The most impressive recovery 
of aortic flow occurred in the group with 1.2 mmol/L of 
calcium. All 10 hearts in this group ejected after ischemia, 
and aortic flow averaged 63% + 8% of baseline, which 
was significantly higher than that of the groups with 0 
and 0.6 mmol/L of calcium. Six of the 11 hearts in the 
group with 1.8 mmol/L of calcium ejected, and aortic flow 
recovery (24% + 8% of baseline) was significantly less 
than that in the group with 1.2 mmol/L of calcium (Fig 4). 
Six of 10 hearts in the group with 2.4 mmol/L of calcium 
ejected. Although recovery averaged only 36% + 11%, it 
was not significantly different from the groups with 1.8 or 
1.2 mmol/L, given the ev high variability in the 
aortic flow data. 


Comment 


The objective of this study was to determine the effects of 
altering calcium concentration in cardioplegia on recovery 
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Fig 3. Relative recovery of first derivative of left ventricular pressure 
(dP/dt) after 60 minutes of normothermic ischemia in neonatal rabbit 
hearts treated with cardioplegia containing different concentration of 
calcium. Data are presented as percentages of baseline values. Recov- 
ery of dPidt averaged 10% + 1%, 46% + 8%, 75% + 2%, 61% + 
4%, and 63% + 7% in the groups with 0, 0.6, 1.2, 1.8, and 2.4 
mmol/L of calcium, respectively. A pattern similar to that observed 
with developed pressure was observed: The groups with 0 and 0.6 
mmol/L of calcium were characterized by significantly lower recovery 
than that of the group with 1.2 mmol/L of calcium; there were no sig- 
nificant differences among the groups with 1.2, 1.8, and 2.4 mmol/L 
of calcium. Č p < 0.05; NS = not significant.) 
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Fig 4. Relative recovery in aortic flow (AF) after 60 minutes of nor- 
mothermic ischemia in neonatal rabbit hearts treated with cardioplegia 
containing different concentrations of calcium. Data are presented as 
percentages of baseline values. Recovery averaged 0%, 22% + 9%, 
63% + 8%, 24% + 8%, and 36% + 11% in the groups with 0, 0.6, 
1.2, 1.8, and 2.4 mmol/L of calcium, respectively. in addition to dis- 
playing the highest average recovery of aortic flow, the group with 1.2 
mmol/L of calcium was the only one in which all hearts ejected after 
the ischemic period. In the group with no calcium, none of the hearts 
ejected after ischemia; approximately half of the hearts ejected in the 
remaining groups. The data suggest that 1.2 mmollL of calcium is the 
optimal calcium concentration for neonatal rabbit hearts undergoing 
normothermic ischemia. (* p < 0.05; NS = not significant.) 


of left ventricular function in neonatal rabbit hearts. The 
hearts were exposed to 60 minutes of normothermic 
ischemia, which results in approximately 30% recovery of 
DP and no recovery of aortic flow without use of car- 
dioplegia, based on previous findings [9]. In the present 
study, cardioplegia was beneficial at 37°C only if it con- 
tained calcium, and recovery appeared optimal when the 
concentration was 1.2 mmol/L. Although DP and dP/dt 
recovered to levels that did not differ significantly when 
the calcium concentration was 1.2 mmol/L or greater (see 
Figs 2, 3), the group with 1.2 mmol/L of calcium had the 
highest recovery of aortic flow (see Fig 4) and was the only 
group in which all hearts were capable of ejection after 
ischemia. 

The importance and potential dangers of calcium in 
ischemic and reperfused myocardium have been demon- 
strated repeatedly [1, 5, 6, 12, 13]. The effect of altering 
the calcium concentration in cardioplegia was evaluated 
by Yamamoto and associates [3] in isolated, adult rat 
hearts. After 35 minutes of normothermic ischemia, re- 
covery of aortic flow was maximal and creatine kinase 
leakage was minimal when the calcium concentration was 
1.2 mmol/L. There was a rapid decrease in protection 
when the calcium concentration was higher or lower than 
this value. The results of Yamamoto and associates [3], 
obtained with a model of normothermic ischemia, appear 
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to contrast with other reports on the salutary effects of 
acalcemic cardioplegia in adult animals. The disparity 
may be explained by differences in myocardial tempera- 
ture during ischemia [3, 4]. 

Because neonatal and adult hearts differ in many re- 
spects [7, 13-19], including sensitivity to calcium-induced 
injury [20, 21], we hypothesized that the optimum cal- 
cium concentration for neonatal cardioplegia also may 
differ from that of the adult. The results of the present 
study, however, suggest that 1.2 mmol/L of calcium is the 
optimal calcium concentration for cardioplegia used dur- 
ing normothermic ischemia in neonatal rabbit hearts, 
similar to the conclusions of Yamamoto and associates [3], 
who evaluated normothermic ischemia in adult rats. We 
acknowledge that the effects of hypothermia, not deter- 
mined in the present study, could alter the optimal 
calcium concentration and the potential sensitivity of the 
myocardium to low calcium concentrations. 

The only neonatal study comparable with ours was 
described in a recent preliminary report by Riva and 
Hearse [22]. They varied calcium concentration in car- 
dioplegia delivered to isolated neonatal rat hearts during 
different durations of normothermic ischemia. After 60 
minutes of ischemia (the same duration of ischemia’ we 
used), altering calcium concentrations in cardioplegia 
from 0 to 2.4 mmol/L had little effect on recovery of DP, 
findings that differ from those we made in neonatal 
rabbits. The different effects of acalcemic cardioplegia on 
neonatal rabbit (characterized by virtually no recovery of 
function) and rat hearts (approximately 35% recovery of 
baseline DP) are particularly striking. Species differences 
may explain the disparity in part, but additional investi- 
gation will be required to explain it more completely. 

This study has a number of limitations, and its results 
must be interpreted with caution as the experimental 
methods are quite different from those used clinically. Use 
of an isolated heart rnodel may be criticized for resultant 
inability to assess the effect of coronary collaterals. Surgi- 
cal repair in the neonate is most often performed under 
conditions of circulatory arrest, however, in which collat- 
eral circulation would not be a factor. Furthermore, other 
studies [23] with blood-perfused models have shown 
results similar to those of our study, in which asan- 
guinous perfusion was used. Finally, although not clini- 
cally applicable, ischemia at 37°C was useful in evaluation 
of the interventions in this study separate and distinct 
from hypothermia. 

In summary, we evaluated the effects of different cal- 
cium concentrations in cardioplegia on functional recov- 
ery of neonatal rabbit hearts exposed to 60 minutes of 
normothermic ischemia. Acalcemic cardioplegia was det- 
rimental, resulting in very poor recovery of DP and dP/dt 
and no recovery of aortic flow, leading us to conclude that 
calcium is necessary in neonatal cardioplegia under these 
experimental conditions. The optimal calcium concentra- 
tion, determined as the concentration associated with the 
best combination of recovery of DP, dP/dt, aortic flow, 
and number of hearts ejecting, was 1.2 mmol/L. Increas- 
ing the calcium concentration further did not improve 
pressure-generating capacity and increased the number of 
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nonejecting hearts. Additional investigation will be nec- 
essary to determine whether hypothermia alters the man- 

ae ner in which calcium in cardioplegia influences recovery 
of ventricular function after global ischemia. 
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Nadiv Shapin; MD, Salvatore M. Zabatino, MD, Susan Ahmed, PhD, 
David M. F. Murphy, MD, Daniel Sullivan, DO, and Gerald M. Lemole, MD 


Section of Cardiovascular Surgery, Department of Surgery, The Medical Center of Delaware, Wilmington, Delaware; Section of 
Pulmonary Medicine, Deborah Heart and Lung Center, Browns Mills, New Jersey; and Division of Biostatistics and Epidemiology, 
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Pulmonary function testing was conducted consecutively 
in 29 healthy men (age range, 42 to 71 years) undergoing 
elective ‘coronary artery bypass grafting. Lung volumes, 
expiratory flow rates, diffusing capacity, and blood gases 
were determined before operation, at-discharge (8.7 + 1.9 
days), and at 3 months postoperatively. In addition, peak 
expiratory flow rate was measured- immediately after 
extubation (21.4 + 2.7 hours). Fifteen patients had 
smoked within the past year, but none had a history of 
pulmonary impairment. Twenty-two patients had inter- 


nal mammary artery (IMA) dissection. Operation and . 


recovery were uneventfil in all cases. After extubation, 
peak expiratory flow rate was decreased by 65%. At 
discharge, lung volumes were decreased by 19% to 33% 
below preoperative values and expiratory flow rates were 


Me sternotomy has become the usual approach in 
cardiac surgery because of the excellent exposure 
obtained and the reduced morbidity achieved as com- 
pared with lateral thoracotomy [1]. Several older studies 
indicated better and earlier preservation of pulmonary 
function with median sternotomy [1-3], whereas others 
reported no differences between the two techniques [4, 5]. 
A careful evaluation of pulmonary function both before 
and after coronary artery operations published by Braun 
and colleagues [6] demonstrated a significant reduction in 
lung volumes, diffusion capacity, and oxygenation 2 
weeks after operation, with partial improvement 4 
months later. Their data were obtained no earlier than 2 
weeks after operation, however, and did nat include an 
evaluation of expiratory flow rates. Furthermore, recent 
improvements in both intraoperative and postoperative 
care might affect these previously observed changes in 
pulmonary function. l 

The purpose of this study was to determine the effect of 
median sternotomy during coronary revascularization on 
both early and late pulmonary function. We alsò sought to 
identify factors that may affect these changes. 
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decreased by 33% to 37% below preoperative values. 
Some minor changes were detected at 3 months. Further 
analysis of these changes according to smoking history, 
age, preoperative weight, dissection of IMA, and aortic 
cross-clamp time showed that only IMA dissection af- 
fected the postextubation changes in peak expiratory 
flow rate (p < 0.0001), whereas the decreases in func- 
tional residual capacity and expiratory reserve volume at 
discharge were affected by IMA dissection (p < 0.05) and 
age (p = 0.01). Thus, median sternotomy is associated 
with severe but short-term pulmonary dysfunction; IMA 
dissection has a à significant adverse effect: on these 
changes. 


(Ann Thorac Surg 1990;50:268-73) 


Material and Methods 


Twenty-nine consecutive male patients undergoing elec- 
tive coronary artery revascularization were studied. The 
mean age was 56 + 5.1 years (range, 42 to 71 years); 12 
patients were aged 60 years or more. Fifteen patients had 
smoked (70 + 42 pack-years) during the past year (“smok- 
ers”). Of the remaining 14 ( ‘nonsmokers”’), 6 did not 
smoke during the previous 10 years and 8 stopped smok- 
ing between 1 and 10 years before operation. No subject 
had a past medical history or physical examination con- 
sistent with lung disease. Five patients had an anterior- 
apical left ventricular aneurysm. Each subject answered a 
questionnaire on respiratory symptoms. No subject had 
obstructive lung disease as defined by a preoperative 
FEV,/FVC% less than. 0.69 (FEV, = forced expiratory 
volume at 1 second; FVC% = percentage of forced vital 
capacity). Percentage deviation of perioperative body 
weight irom ideal weight [7] was calculated for each 
patient. The mean deviation for the entire group was 
21.8% + 14.6% (range, —4.5% to +56.4%). Fifty-eight 
percent of the patients were 20% or more above their ideal 
weight. The protocol was approved by the institutional 
committee for human sttidies. 

All subjects underwent complete pulmonary function 
tests. Lung volumes (slow vital capacity, residual volume, 
inspiratory capacity, functional residual capacity [FRC], 
expiratory reserve volume [ERV], and total lung capacity), 
expiratory flow rates (forced vital capacity [FVC], FEV,, 


0003-4975/90/$3.50 


Ann Thorac Surg 
1990;50:268-73 


FEV,/FVC%, FEV,/FVC%, forced expiratory flow between 
25% and 75% of FVC [FEF25-75%], and peak expiratory 
flow rate [PEFR ), diffusion capacity (DLCO), and arterial 
blood gases were measured. All studies were performed 1 
day before operation, before discharge (average 8.7 + 1.9 
days), and at 3 months postoperatively. Peak expiratory 
flow rate was also determined immediately after extuba- 
tion. Static lung volumes were calculated using the 
closed-circuit helium dilution technique. Forced expira- 
tory flow rates were measured using a Mediscience 
Wedge Spirometer (Pulmonizer 525, Medsciences, Need- 
ham Heights, attached to a Hewlett-Packard X-Y plotter 
[7041A]). Peak expiratory flow rate was measured with a 
Wright peak flow meter, and DLCO was determined by 
the single breath method [9]. Predicted values for pulmo- 
nary function tests were calculated from regression equa- 
tions according to age, height, and sex [9, 10]. Arterial 
blood gases, serum hemoglobin, and carboxyhemoglobin 
were also measured using a blood gas analyzer and 
cooximeter (Instrumentation Laboratories 813 blood gas 
analyzer with 282 cooximeter for hemoglobin, oxygen 
saturation, and carboxyhemoglobin). 

The surgical approach was through a median sternot- 
omy incision, and dissection of the left internal mammary 
artery (IMA) was performed from its origin to the seventh 
rib and was facilitated by use of a Favaloro retracior. A left 
ventricular aneurysm was plicated or resected in 5 pa- 
tients. The sternum was reapproximated by placement of 
three No. 5 figure-of-8 wire sutures. All patients were 
extubated the morning of the first postoperative day (21.4 
+ 2.7 hours after operation). 


Statistical Analysis 


Statistical analysis was made in three stages. First, base- 
line values (preoperative) were compared by a paired t 
test with predicted values for each pulmonary function 
variable. 

Second, using the ratio of each patient’s pulmonary 
function variable to the predicted value, changes over 
time (preoperative to after extubation, to discharge, and 
to 3-month follow-up appointment) were assessed using a 
two-factor analysis of variance for a repeated-measures 
design (factors are patient and time). When significant 
changes over time were identified, Tukey's test was used 
to determine which time points were different. 

Third, when significant differences were identified over 
time (steps 1, 2), regression analysis was used to deter- 
mine which of five independent variables (age, smoking 
history during the year before operation, percentage 
deviation of preoperative weight from ideal weight, IMA 
dissection, and perfusion time) affected the changes from 
baseline over time. For this analysis, the dependent 
variable was the difference between the ratio of the 
pulmonary function variable at a particular time to pre- 
dicted value and the ratio of the baseline value to the 
predicted value. Each of the independent variables was 
examined separately, followed by multiple regression 
analyses with combinations of two, three, and five inde- 
pendent variables to determine the effect of one indepen- 
dent variable while adjusting for the others. The two-, 
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three-, and five-variable regressions gave very similar 
results. The intermediate two- and three-variable regres- 
sions were performed because of concern over the small 
sample size (n = 29) for a five-variable regression. In all 
these regressions, the baseline ratio was included as an 
independent variable to adjust for possible effect of base- 
line values on changes over time. 

A significance level of 0.05 was used for all statistical 
testing. 


Results 


There were no serious postoperative pulmonary compli- 
cations, but most patients (25/29) had postoperative radio- 
logical findings suggesting either segmental or subseg- 
mental atelectasis, which was treated routinely with chest 
physiotherapy. This finding was still present in 16 pa- 
tients at discharge (14 of them were smokers). These 
changes were insignificant clinically and by 3 months had 
resolved in all patients. None of the patients had postop- 
erative phrenic nerve injury or hemothorax. 

The mean aortic cross-clamp and pump times were 67 + 
28 (range, 11 to 143) and 120 + 43 (range, 32 to 233) 
minutes, respectively. Nine patients received between 2 
and 6 U of blood transfused through a fine filter (Shiley 
arterial 20-ym filter). Twenty patients did not require any 
type of blood product transfusion. The number of distal 
anastomoses per patient was 4.4 + 1.8 (range, two to 
seven). The left IMA was used in 22 patients. The IMA 
was not used when its free flow was less than 50 mL/min 
or when the left anterior descending, diagonal, or proxi- 
mal circumflex marginal coronary arteries did not require 
bypass. The pleural space was opened in 13 patients in 
association with the left IMA graft dissection. A chest tube 
was placed in the pleural space of 7 patients. 

Mean preoperative, predicted, and postoperative val- 
ues for lung volumes, expiratory flow rates, diffusion 
capacity, and arterial blood gases for the entire group (n = 
29) are shown in Table 1. Comparison between preoper- 
ative and predicted values is shown in Table 2. Preoper- 
atively, FVC, FEV,, FEF25-75%, and DLCO were signifi- 
cantly lower than predicted values. At discharge, with the 
exception of residual volume, all volumes were reduced 
by 19% to 33% below preoperative values. At 3 months, 
all volumes returned to preoperative values, except the 
inspiratory capacity, which was slightly lower than the 
preoperative value. At periextubation time, PEFR was 
reduced to 35% of its preoperative value. At discharge, all 
expiratory flow rates except FEV;/FVC were decreased by 
as much as 37%. At 3 months, except for FVC and FEV, 
which remained statistically lower, all expiratory flow 
rates returned to baseline. 

The diffusing capacity, which was significantly lower 
than the predicted values preoperatively, was signifi- 
cantly higher than its preoperative value at 3 months. 
After extubation, arterial oxygen and carbon dioxide ten- 
sions were significantly elevated (mean inspired O, con- 
centration, 46.2% + 7.2%). At discharge, both arterial_. 


oxygen and carbon dioxide tensions were significa 
lower than the preoperative values measured on 
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Table 1. Effect of Midsternotomy on Postoperative Pulmonary Function and Blood Gas* 
Variable Preoperative Predicted Postextubation Discharge 3 mo 
Lung volumes 
- SVC (L)4 4.1 + 0.16 4.2 + 0.13 2.8 + 0.16° 3.9 + 0.16 
RV (L) 2.4 +0.15 2.2 + 0.04 2.2 + 0.16 2.5 + 0.12 
IC (L)4 3.2 + 0.11 3.1 + 0.1 2.2 + 0.15° 2.9 + 0.1° 
FRC (L)? 3.3 + 0.17 3.4 + 0.08 2.7 + 0.2° 3.6 + 0.21 
ERV (L)? 0.89 + 0.08 1.2 + 0.09 0.68 + 0.08° 0.99 + 0.1 
-TLC (L) 6.6 + 0.2 6.3 + 0.18 5.0 + 0.21° 6.0 + 0.2 
Lung airflow rates 
FVC (L/s)4 4.0 + 0.15 “4.2 + 0.13 2.7 + 0.10° 3.7 + 0.14° 
FEV, (L/s)4 3.1 +0.11 3.3 + 0.11 2.1 + 0.13° 2.9 + 0.12° 
FEV,/FVC%S 80.0 + 1.24 80.6 + 0.24 77.6 + 1.4 78.8 + 1.1 
FEV,/FVC% 95.6 + 0.52 97.0 +0 94.9 + 0.64 95.2 + 0.75 
FEF25-75%4 3.2 + 0.16 4.2+0.11 ont 2.0 + 0.18° 2.8 + 0.16° 
PEFR (L/s)4 8.2 + 0.37 8.4 + 0.19 2.9 + 0.40° 5.7 + 0.40° 7.8 + 0.40 
DLCO (mL/min/mm Hg)? 22.3 + 1.0 24.6 + 1.2 nists 20.1 + 1.4 26.4 + 11° 
PaO, (mm Hg)? 80.7 + 1.4 103 + 5.0% 72.2 + 2.0° 85.7 + 1.7 
O, saturation (%) 95.4 + 0.31 96.4 + 0.30 94.3 + 0.44 95.1 + 0.51 
PaCO, (mm Hg)? 37.0 + 0.8 40.2 + 1.0 31.9 + 0.8° 36.0 + 0.7 
Serum hemoglobin (mg/L)* 137 + 3.7 87 + 3.0° 96 + 3.1° 135 + 2.8 
Body weight? 83.7 + 2.4 86.0 + 2.4° 82.4 + 2.4 80.1 + 2.3° 
a Values are shown as mean + standard error of the mean. b p = 0.05-0.01, =p = 0.01-0.001, dp < 0.001: denotes variables that have 


changed significantly over time (repeated-measures analysis of variance). © Point at which significant differences (p < 0.05) in time occurred (Tukey 
multiple comparison). The ratios of the values at each time point to predicted values were used for this analysis. Therefore, comparisons between 


preoperative and predicted values are not included in this table. For comparisons between preoperative and predicted values, see Table 2. f Fractional 
concentration of inspired oxygen = 46.2% + 7.2%. f 
DLCO = diffusing capacity; ERV = expiratory reserve volume; FEF25-75% = forced expiratory flow between 25% and 75% of FVC; FEV, = 


IC = inspiratory capacity; 


forced expiratory volume in first second; FRC = functional respiratory capacity; FVC = forced vital capacity; 
RV = residual volume; 


PaCO, = arterial carbon dioxide tension; PaO, = arterial oxygen tension; PEFR = peak expiratory flow rate; 
SVC = slow vital capacity; TLC = total lung capacity. 


whereas at 3 months arterial oxygen tension was signifi- 
cantly improved. Mean hemoglobin level, which had 
been 137 + 20 g/L (13.7 + 2.0 g/dL) at admission, 
decreased after operation to 87 + 16 g/L (8.7 + 1.6 g/dL) 
after extubation. It was still lower than preoperative 
values at discharge and returned to the preoperative level 
at 3 months. On admission, carboxyhemoglobin ranged 
between 0.7% and 6.8% (mean, 2.0% + 1.5%) of total 


hemoglobin. Mean body weight increased significantly 
from 83.7 + 2.4 to 86.0 + 2.4 kg at periextubation but at 
discharge was not significantly different from the postop- 
erative value. 

The effect of the three preoperative independent varia- 
bles (age, smoking history, and weight) on the difference 
between preoperative and predicted values is shown in 
Table 2. Age affected DLCO, weight affected FVC and 


Table 2. Comparison Between Preoperative and Predicted Values of Pulmonary Function Variables 


Effect of Independent Variables on Differences Between Predicted and Baseline 


Univariate Analysis 


Overall 
Variable (Paired t Test) Age 
FRC NS NS 
. FVC p < 0.05 NS 
FEV, p < 0.05 NS 
FEF25-75% p < 0.001 NS 
DLCO p < 0.05 p < 0.05 (+) 


Values 
Smoking Multiple-Regression 
History Weight Analysis 
p = 0.1 (NS) NS Smoking, p = 0.07 
NS p < 0.05 Weight, p = 0.07 
NS p < 0.05 Age, p < 0.05° 
NS NS 
p = 0.1 (NS) NS 








a Positive relationship between DLCO and age. All other relationships between pulmonary function variables and independent variables were negative. 


NS = not significant, other abbreviations as in Table 1. 
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Table 3. Relationship Between Independent Variables and Postoperative Changes in Pulmonary Function 


Univariate Analysis 
Smoking 

Variable Age History Weight 
SVC NS NS NS 
Ic NS NS NS 
FRC NS Discharge p = 0.1 (NS), NS 

3 mo p < 0.05 
ERV NS Discharge p = 0.1 (NS), NS 

3 mo p < 0.05 
TLC .NS NS NS 
FVC NS 3 mo p = 0.05 NS 
FEV, NS Discharge p = 0.09 (NS) NS 
FEV,/FVC% NS NS NS 
FEF25-75% NS NS NS 
PEFR NS NS NS 
DLCO NS NS NS 


IMA = internal mammary artery; other abbreviations as in Table 1. 


FEV,, and smoking history probably affected FRC and 
DLCO. Multiple regression analysis using the three inde- 
pendent variables indicate that the effect of age on DLCO, 
of weight on FEV,, and probably of smoking history on 
FRC were independent of the other variables in their 
effect on the difference from baseline. Only the relation- 
ship between age and DLCO was positive. All other 
relationships between pulmonary functions and indepen- 
dent variables were negative. 


Examinations of the effect of each of the five indepen- . 


dent variables on the postoperative changes in pulmonary 
function (Table 3) indicate that none affected the changes 
in slow vital capacity, inspiratory capacity, total lung 
capacity, FEV,/FVC, FEF 25-75%, and DLCO. The 
changes in PEFR were affected after extubation by IMA 
dissection (Fig 1). After adjustment for the remaining four 
independent variables and for differences in baseline by 
multiple regression analysis, IMA dissection remained the 
only independent variable that significantly affected 
changes in pulmonary function at postextubation. The 
changes in PEFR in patients in whom IMA dissection was 
associated with opening of the left pleural space (n = 13) 
were not different from the changes in patients with intact 
left pleura (n = 9). Smoking history showed a borderline 
significant effect on FRC, ERV, and FEV, at discharge by 
univariate analysis. Use of this analysis showed that age 
and IMA dissection were not significant independent 
variables affecting FRC and ERV, but after adjustment 
was made for the remaining independent variables by 
multiple-regression analysis, age and IMA dissection 
were shown to affect FRC and ERV significantly at dis- 
charge. None of the other variables showed a significant 








Pump Multiple-Regression 
IMA Time Analysis 
NS NS NS 
NS NS NS 
NS NS IMA at discharge p < 0.05, age 


at discharge p = 0.01, 
smoking history at 3 mo 
p = 0.05 


NS NS IMA at discharge p < 0.05, age 
at discharge p = 0.01, 
smoking history at 3 mo, 
p = 0.05 

NS NS NS 

NS NS Smoking history at 3 mo 
p = 0.05 

NS NS NS 

NS NS NS 

NS NS NS 

Postextubation NS IMA at extubation p < 0.0001 
p < 0.0001 , 
NS NS NS 


effect on the changes in pulmonary function by multiple- 
regression analysis postextubation and at discharge. 


Comment 


A complete evaluation of the preoperative and postoper- 
ative pulmonary function was performed in a group of 29 
unselected male patients undergoing coronary artery re- 
vascularization. We believe that this group represents the 
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Fig 1. Plot of peak expiratory flow rate over time for patients who 
underwent internal mammary artery (IMA) dissection and for pa- 
tients who did not undergo IMA dissection. Values are presented as 
ratios to predicted values. The groups at postextubation were signifi- 
cantly different (p < 0.001) by multiple regression analysis after ad- 
justment was made for age, weight, perfusion time, smoking history, 
and baseline peak expiratory flow rate. 
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US male population with coronary artery disease whe 
undergo bypass grafting. 

When the entire group was analyzed, minor but statis- 
tically significant preoperative reductions in FVC, FEV}, 
and FEF 25-75% were observed, which may represent 
early chronic obstructive lung disease [11]. Postopera- 
tively, a restrictive pulmonary pattern affecting all lung 
volumes was observed. Proportional reductions in lung 
airflow rates observed in these patients are expected to 
occur in association with a decrease in vital capacity and 
do not indicate a concomitant obstructive pattern. Most 
lung volumes and air flow rates were between two thirds 
and three quarters of preoperative values at discharge, 
whereas only minor changes were measured at 3 months. 
The PEFR could be measured immediately after extuba- 
tion and was as low as 35% of the preoperative value. The 
residual volume remained unchanged, which suggests 
that no significant gas trapping from peribronchial fluid 
accumulation after operation was noted. The finding of 
hypoxemia disclosed ventilation—perfusion mismatch, 
which is a frequent finding in the immediate postopera- 
tive period [12]. Clinically significant hypoxemia was not 
present in our patients at discharge or at 3 months, 
however. 

~ Coronary artery bypass grafting is associated with sev- 
efal interventions ‘that may alter pulmonary function. 
Among these are median sternotomy, establishment of 
extracorporeal circulation, deflating of the lungs during 
the ischemic period, transfusion of blood, and in certain 
patients, the freeing up of the IMA pedicle by dissection 
ffom the chest wall. These interventions may result in 
chest wall pain, tenderness and stiffness, and increased 
extravascular lung water [13], as well as increased pro- 
duction and accumulation of secretions in the tracheo- 
bronchial tree [14]. 

* Previous reports [4, 6, 15-18] have indicated significant 
and prolonged (4 months) impairment in pulmonary 
function after open heart operations. Our data showed 
less and only transient impairment, which may reflect 
improvements such as those in extracorporeal circulation 
technology and in perioperative pulmonary manage- 
ments and the infrequent transfusion of blood products 
used in current management of patients. 

To determine what may have influenced these changes 
in pulmonary function, the effects of smoking in the past 
year, IMA dissection, age, percentage deviation of pre- 
operative weight from ideal weight, and pump time were 
evaluated. The better diffusion capacity among the older 
population preoperatively resulted from the fact that most 
of the younger patients were smokers (76% smokers 
among patients aged less than 60 years, 16% smokers 
among patients aged more than 60 years) [19, 20]. The 
DLCO improved at 3 months to a level significantly 
higher than the preoperative value and similar to the 
predicted value, probably because patients ceased smok- 
ing. 

By univariate analysis, the PEFR after extubation was 
shown to be affected by IMA dissection, and FRC, ERV, 
and FEV, at discharge to be probably affected by smoking 
history. Even after adjustment was made for the remain- 
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ing independent variables and for differences in baseline 
by multiple-regression analysis, dissection of the IMA 
was still an independent variable associated with signifi- 
cant impairment of postoperative pulmonary function. 
Specifically, IMA dissection adversely affected the PEFR 
after extubation and ERV and. FRC at discharge. The 
PEFR, the only bedside test that could be obtained imme- 
diately after extubation, had decreased to as low as 35% of 
its preoperative value among patients with IMA dissec- 
tion and improved to 70% at discharge. The airflow rates 
generated at maximum expiratory force are directly re- 
lated to the chest wall elastic recoil and the force of the 
expiratory muscles [21]. This correlates with the ability to 
cough effectively and with the incidence of postoperative 
respiratory complications [22]. The impairment in PEFR 
resulted from weakening of expiratory muscles and chest 
wall pain, edema, and stiffness incurred by the IMA 
dissection and retractor pressure to the cartilages and ribs. 
The reduction of FRC, a function that reflects the balance 
between the tendency of the thoracic cage to expand and 
the elastic recoil of the lungs [23], indicates that pain and 
decreased compliance due to IMA dissection was still 
present at discharge. This may be associated with atelecta- 
sis and ventilation-perfusion mismatch [24]. Previous 
reports [25, 26] have described adverse effects in pulmo- 
nary function in patients with pleurotomy. Pleurotomy in 
our study did not modify pulmonary function further. 
Although considered to be relatively benign, median 
sternotomy was shown to be associated with a rather 
severe but short-term pulmonary dysfunction; IMA dis- 
section was the most significant variable that affected 
these changes. Although of no consequence in a popula- 
tion free of lung disease, in patients with a preoperative 
compromised or marginal pulmonary reserve owing to 
preexisting obstructive or restrictive lung disease, postop- 
erative impairment in pulmonary function may result in 
serious complications. In such patients, preoperative pul- 
monary function testing followed by vigorous chest phys- 
iotherapy, minimizing chest wall traction and trauma to 
ribs and soft tissue during IMA dissection, or even com- 
plete avoidance of IMA use may decrease the risk of 
pulmonary complications after median sternotomy. 


We thank Pat O. Daily, MD, for his continued interest and review 


of the manuscript and Jacquelynn Wilson for manuscript prepa- 
ration. 
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Between March 1986 and September 1988, 38 patients 
underwent extended aortic resection (aortic valve, as- 
cending aorta, and arch) for acute type-A aortic dissec- 
tion with aortic valve insufficiency; deep hypothermia 
and circulatory arrest were used. All patients were oper- 
ated on within 17 hours of the onset of symptoms. In the 
first 24 patients, operation was performed by the “inclu- 
sion technique.” In the last 14 patients, the “excision 
technique” was used: the ascending aorta and arch was 
excised, and the aorta was transected at the beginning of 
the descending thoracic tract. Excision and transection 
were considered essential to prevent back flow from the 
false lumen, which is the main source of bleeding, and to 
allow all anastomoses to be constructed beyond the 


cute aortic dissection needs to be defined: what 
should constitute acute dissection? We believe that 
dissection is acute in the first hours of onset of symptoms; 
conversely, many investigators believe that a dissection 
lasting 15 days is acute. At 15 days, some patients are 
dead. Many deaths occur in the first hours after onset of 
symptoms, with an attrition rate of 1 patient per hour [1]; 
furthermore, a 
problems as great as those of a dissection in the first 
hours. We believe that type A dissection should be treated 
as soon as possible. The major threat of these emergency 
operations is bleeding, which comes from the anastomo- 
ses between graft and dissected aorta where the false 
lumen very rarely can be closed. We therefore made 
efforts to resect the dissected aorta extensively to have a 
better chance to obliterate dissection and to perform 
bloodless anastomoses. In a previous article [2], we re- 
ported 24 patients treated with extended aortic resection 
and “inclusion technique.” Later, we introduced the 
concept of excising the dissected aorta to perform all the 
anastomoses beyond the limits of dissection: the aortic 
valve was excised together with the ascending aorta and 
arch, and the aorta was transected at the beginning of the 
descending thoracic tract, thus confining dissection to the 
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15-day dissection does not pose technical - 


limits of dissection. The only anastomosis to the dis- 
sected aorta was at the distal end of the graft. One of the 
14 patients died (7.1%). One patient was reopened for 
bleeding: blood was issuing from the attachment of the 
carotid trunks, and the defect was repaired by interpos- 
ing a bifurcated Dacron graft between the arch graft and 
the carotid arteries. Extended aortic excision meets the 
principle of either eliminating as far as possible the 
diseased aorta or controlling intraoperative and postop- 
erative bleeding. An operation of great magnitude can be 
considered a life-saving procedure when compared with 
the high risk of acute type-A aortic dissection. 


(Ann Thorac Surg 1990;50:274-) 


distal part [3]. This article describes the latter technique 
and reports our first results. 


Material and Methods 


Patients 


From March 1986 through September 1988, 14 patients (11 
men and 3 women) were operated on with the “aortic 
excision technique” for acute type-A aortic dissection (13 
had aortic valve insufficiency). The patients ranged in age 
from 49 to 85 years (mean age, 56 years); all of them had 
anterior retrosternal pain with transient cardiocirculatory 
collapse in 9 and prolonged hypotension in 2 patients 
with pericardial tamponade. Five patients had transient 
neurological signs. Three patients had undergone previ- 
ous cardiac operations: 2 had aortic valve replacement for 
aortic valvar insufficiency and 1 had coronary bypass. 

Operation was started within 5 hours of admission and 
10 hours of onset of symptoms. While the operating room 
was being prepared, angiography was performed in all 
patients. 


Surgical Technique 

Aortic excision was performed through median sternot- 
omy, and a valved conduit graft sufficed to replace the 
resected aorta. Extracorporeal circulation was instituted 
with the arterial return cannula in a femoral artery and a 
single venous cannula into the right atrium; the left side of 
the heart was vented through the right superior pulmo- 
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nary vein. When cannulation was complete, core cooling 
was started, the ascending aorta was cross-clamped, and 
hypothermic cardioplegia was injected. The aorta was 
opened, the aortic root was inspected, and the aortic valve 
was removed. At the same time, both coronary arteries 
were ligated at their origin from the aortic wall [4] and 
were connected, beyond the limits of dissection, with the 
distal end of two vein grafts (Fig 1d). 

Ata core temperature of 14°C, cardiopulmonary bypass 
was discontinued with the patient in head-down position, 
the carotid arteries were clamped, and the arteriovenous 
lines were occluded. The aortic incision was extended into 


the arch to locate the carotid orifices; the ascending aorta _ 


and arch were then excised, and the aorta was transected 
at the beginning of the descending tract. Dissection was 
closed at the mouth of the distal aorta with interrupted 
stitches on circular Teflon collars (Fig 1a). Arch replace- 
ment was started by anastomosing the distal end of a 
composite valve graft to the descending thoracic aorta (Fig 
la); the carotid arteries were then connected to the graft as 
well (Fig 1b). Subsequently, the arch graft was cross- 
clamped at the preinnominate area (Fig 1c) and cardiopul- 
monary bypass with rewarming was resumed. During 
rewarming, both venous coronary bypass grafts were 
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Fig 1. Aortic arch replacement. (a) The distal end 
of a composite valve graft is anastomosed to the de- 
scending thoracic aorta where dissection has already 
been closed. (b) The carotid arteries are anastomosed 
to the arch graft by interposition of a bifurcated Da- 
cron graft to reach. the limit of dissection. (c) The 
arch graft is cross-clamped, and extracorporeal cir- 
culation and rewarming are started. (d) After the 
coronary attachment is complete, the clamp is 
moved distally and the valve is sutured to the annu- 
lus. 


attached to the graft and, finally, the valved end of the 
graft was sewn to the aortic annulus, with coronary 
perfusion already started (Fig 1d). 

With this procedure, body temperature was lowered to 
14°C and the time of circulatory arrest averaged 40 min- 
utes. The carotid arteries were attached to the graft by 
different techniques: a button of aortic wall was used in 4 
patients, a bifurcated Dacron graft (16 mm) was inter- 
posed in 8 patients, and both branches of the interposed 
graft were anastomosed to the carotid arteries in the neck 
in 2 patients [3]. 


Results 


One of 14 patients died (7.1%) of respiratory insufficiency 
due to excessive manipulation of the left lung. One 
patient was reopened on the second postoperative day 
because of bleeding from the anastomosis of the carotid 
trunks, which had been fashioned according to the button 
technique. The defect was repaired by suturing a bifur- 
cated Dacron graft (16 mm) to the arch graft and recon- 
necting the carotid arteries one at a time without extra- 
corporeal circulation. The patient recovered after 7 days af 
renal dialysis. 
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Follow-up averaging 30 months (range, 15 to 45 
months) was available in all patients. No late complica- 
tions occurred. Ten patients are in functional class IJ and 
4 are in class IM. 


Comment 


Aortic excision is an operation of great magnitude, but it 
is in proportion to the very high risk of acute type-A aortic 
dissection. We support the principle of an emergency 
operation with extended excision and transection of the 
aorta to interrupt back flow from the false lumen that is 
the main source of bleeding at the anastomoses. All 
anastomoses of the arch are at high risk of bleeding if not 
constructed beyond the limits of dissecticn; according to 
the aortic excision technique, the only anastomosis with 
the dissected aorta is at the distal end of the graft. At this 
level, dissection is always concentric and can be easily 
closed, allowing a safe anastomosis with the graft. The 
only perioperative bleeding occurred in a patient in whom 
the connection with the arch vessels hac not been per- 
formed beyond the limits of dissection. 

The graft inclusion technique, previously described [2], 
was not always effective in obliterating dissection; thus, 
some patients died of persistence of ostial stenoses in the 
abdominal visceral arteries. Other investigators [5, 6] 
reported a hematoma around the graft in the ascending 
aorta that had to be decompressed. Because of these 
potential defects, we abandoned graft inclusion in favor of 
aortic excision. 

Acute type-A aortic dissection with aortic valvar insuf- 
ficiency is a life-threatening disease requiring emergency 
treatment. We believe that as a life-saving procedure even 
an extended aortic resection should be considered. Al- 
though the small number of cases does not allow us to 
draw conclusions, we believe that excision and grafting of 
the diseased aorta beyond the limits of dissection should 
be the treatment of choice. 
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Addendum 

From September 1988 to December 1989, 3 additional cases of 
acute type-A aortic dissection were operated on using the exci- 
sion technque. The patients were all men, aged 52, 69, and 70 
years. The duration of the dissection averaged 12 hours. One 
patient hac left hemiparesis at the onset of symptoms but later 
recovered. All patients underwent angiography, and aortic val- 
var insufficiency was present in each. Operation was performed 
using the cescribed technique; in each case the carotid arteries 
were recornected with graft interposition. The last patient to 
undergo tre procedure had neurological signs postoperatively 
thought due to gaseous emboli but recovered completely after 1 
week. No early or late death was registered, bringing our 
mortality rate to 5.9% (1/17). Five, 6, and 11 months after all 
operations, patients are asymptomatic and leading normal lives. 
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The effects of chronic denervation on pulmonary vascu- 
lature are not well understood. Three groups of young 
pigs were prepared: (1) those receiving sham thoracot- 
omy, (2) those having left upper lobectomy alone (inner- 
vated left lower lobe), and (3) those receiving left pneu- 
monectomy followed by reimplantation of the left lower 
lobe (denervated left lower lobe). At 10 weeks after 
operation, animals were anesthetized and instrumented 
for study. No changes in baseline pulmonary artery 


[the advent of cyclosporine for the treatment of rejec- 
tion [1] and the technical advance consisting of 
wrapping the bronchus with omentum [2] have allowed, 
for the first time, reliable bronchial anastomotic healing. 
These advances together ushered in a modern era of 
heart-lung and lung transplantation, and the landmark 
work of the Toronto Transplant Group made isclated lung 
transplantation a clinical reality in humans [3]. Unfortu- 
nately, as patients (and experimental models) survive 
transplantation into the medium term, conditions such as 
obliterative bronchiolitis and pulmonary superinfection 
arise, limiting long-term survival for heart-lung transplan- 
tation [4]. Modification of variables such as immunosup- 
pression and surgical technique will undoubtedly help to 
minimize these midterm problems. Other less manipulat- 
able variables also have substantial impact. Hilar dener- 
vation clearly is unavoidable, and its physiological effects 
are incompletely understood. We previously reported a 
loss of dynamic airway compliance in reimplanted lobar 
segments as assessed in the chronic state [5]. We believe 
that this represents chronic bronchial constriction due to 
denervation, based in large part on the abser.ce of ana- 
tomically demonstrable fixed airway obstruction [5]. 
Previous research has demonstrated that the lung is 
invested with both sympathetic and parasympathetic fi- 
bers, with the latter predominating [6]. Stimulation of 
sympathetic outflow to the lungs results in a decrease in 
compliance in large elastic arteries, reflected in an in- 
creased pulmonary vascular resistance and pulmonary 
artery pressure only under high-flow conditions (in- 
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pressure, pulmonary capillary wedge pressure, cardiac 
output, or pulmonary vascular resistance were observed. 
With diversion of the entire cardiac output to the left 
lung or lobe, however, the group with reimplanted lobes 
had a significantly higher pulmonary artery pressure and 
pulmonary vascular resistance than the other groups. 
This may result from chronic denervation of the pulmo- 
nary vasculature and receptor upregulation. 

(Ann Thorac Surg 1990;50:277-80) 


creased cardiac output) [6]. Acute sympathectomy pro- 
duces vasodilatation, suggesting a tonic vasoconstrictive 
influence on the pulmonary arterial bed [7-9]. The put- 
pose of the present study was to determine the effects of 
chronic denervation in the pulmonary vascular bed. 


Material and Methods 


At approximatély 10 weeks of age (mean age, 10 + 1 
weeks), 14 young pigs underwent left thoracotomy and 
left lung manipulation. Three study groups were defined. 
Group 1 consisted of 4 animals who underwent sham 
thoracotomy alone. Group 2 (5 animals) underwent left 
upper lobectomy and therefore maintained an innervated 
left lower lobe. Group 3 consisted of 5 animals subjected 
to left pneumonectomy and reimplantation of the left 
lower lobe, which resulted in a denervated lobe. The 
procedure used for group 3 consisted first of pneumonec- 
tomy performed distal to vascular clamps on the proximal 
left main piilmonary artery (PA), on the, proximal left 
main bronchus, and isolating the left atrial origin of the 
pulmonary veins (Fig 1). The left lung was perfused at 5°C 
with Ringers’ lactate until a clear effluent from the pulmo- 
nary veins was seen. A left lower lobe dissection was then 
performed, preserving the full length of the PA, bron- 
chus; and the inferior pulmonary veins. The lower lobe 
was immersed for approximately 5 minutes in iced Ring- 
ers’ lactate before reimplantation. An anastomosis was 
performed from the inferior pulmonary vein to the left 
atrium, the bronchus was then reunited, and finally the 
PA was anastomosed. The vascular anastomoses were 
performed with running 6-0 absorbable monofilament 
suture, and the bronchial anastomosis was performed 
with running 4-0 monofilament absorbable suture. The 
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Fig 1. Surgical technique for left pneumonectomy and 
reimplantation of the left lower lobe (LLL). 
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bronchial anastomosis was then wrapped circumferen- 
tially with a pedicle of omentum brought through an 
incision in the left hemidiaphragm., in the technique de- 
scribed by Morgan and colleagues [2]. The omentum was 
anchored at both the diaphragm and’ bronchus with 
interrupted silk sutures. A chest tube. was then positioned 
and connected to suction, and the thorax was closed in 
layers. 

All animals were allowed to recover for 10 weeks before 
further study. Chest roentgenograms showed normal 
lung aeration. A fourfold increase in somatic weight was 
demonstrated, with a mean weight at 10 weeks of 80 + 4 
kg. Anesthesia was induced with ketamine (20 mg/kg) 
and maintained with intermittent intravenous pentobar- 
bital. Pulmonary artery catheters were then placed 
through a right external jugular venous cutdown (7F, No. 
93-131H, American Edwards Laboratory, Santa Ana, CA). 
A median sternotomy was performéd with the PA cathe- 
ter confirmed -by palpation to be in the main PA. Pulmo- 
nary hemodynamic measurements were obtained in the 
steady state (before clamping). Carotid artery, central 
verious, and PA pressures were measured continuously 
with a multichannel recorder (ES1000, Gouid, Inc, Cleve- 
land, OH). The hilum of the right lung was then clamped 
(Fig 2), and the animals were allowed to stabilize for an 
additional 10 minutes. Pulmonary hemodynamic mea- 
surements were then repeated. The animals were killed 
after completion of the measurements and examined. The 
left lower lobe sections in groups 2 and 3 were fixed and 
stained for measurements of capillary surface area (adjust- 
ed for dry weight) by computerized planimetry. 

The pulmonary specimens were prepared by perfusion 
of the bronchus with 10% formalin at a pressure of 20 to 25 
‘em H,O for 1 to 2 hours. During preparation of sections, 
the lungs or lobes were divided in parallel slices extending 
from the hilum to the periphery. Block sections of tissues 
were randomly selected from the peripheral slices. In 
every case, volumetric proportions in nonoverlapping 





Reimplantation 


fields (3,000 points) from each section were examined 
[10]. Computerized planimetry was performed on a video 
monitor with a manual cursor (Zeiss Ortho-Plan, Karl 
Zeiss, Inc, Thornwood, NY). Sections were stained with 
an antibody specific for muscle actin (B-4 actin antibody), 
and the area of smooth muscle was calculated [11]. 

Results are expressed as the ratio of the area occupied 
by smooth muscle to that of capillary surface area. Statis- 
tical analysis among groups was performed using analysis 
of variance with Duncan's multiple-range test for multiple 
comparisons using the Statistical Analysis System. Paired 
comparisons were performed using Student's t test. Sig- 
nificance was considered achieved when a p value less 
than or equal to 0.05 was obtained. 

All research protocols were reviewed and approved by 
the Animal Research Committee of the University of 
Virginia. These protocols conform to the guidelines put 
forth in the “Guide for the Care and Use of Laboratory 
Animals” published by the National Institutes of Health 
(NIH publication No. 85-23, revised 1985). 


Results 


The results of the pulmonary hemodynamic measure- 
ments are shown in Table 1. The values are expressed as 
mean + standard error of the mean before and after 
occlusion of the right pulmonary hilum. No significant 
differences were demonstrable before hilar occlusion. 
After hilar occlusion, PA pressures and pulmonary vas- 
cular resistance increased significantly (p < 0.05). There 
were no demonstrable differences in arterial blood gas 
measurements after occlusion. 

Morphological analysis showed no significant differ- 
ence between the calculated capillary surface area of the 
reimplanted lobes (group 3, 312 + 60 um?/g x 10°) and 
those left lower lobes remaining after upper lobectomy 
(group 2, 427 + 35 um?/g x 10°). The ratio of smooth 
muscle/capillary surface area was also not significantly 
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Fig 2. Instrumentation of animal at time of study 10 weeks after re- 
implantation. 


different (group 2, 33 + 3 x 107? versus group 3, 37 + 2 
x 1073). 


Comment 


Increases in flow in a healthy pulmonary vascular bed are 
accompanied by capillary recruitment, a resultant de- 
crease in pulmonary vascular resistance, and maintenance 
of the pulmonary artery pressure [12]. Although this 
response appears to be preserved in animals undergoing 
thoracotomy alone or upper lobectomy alone, our results 
show a loss of compliance in the pulmonary vascular bed 
of the reimplanted lobe. 

The etiology of the observed loss of vascular and airway 
compliance is unclear. Two main pathophysiological 
events are apparent: the ischemic and thermal insult the 
reimplanted lobe suffers and the complete hilar denerva- 
tion that is produced. In this study, measurements of 
pulmonary vascular smooth muscle failed to demonstrate 
a fixed muscular obstruction in reimplanted lobes, and 
capillary surface area also appeared to have been pre- 
served. Thus, diminution in pulmonary vascular capaci- 
tance due to injury seems unlikely to be the primary 
event. 


Table 1. Results of Pulmonary Hemodynamic Measurements" 





JOHNSON ETAL 279 


POSTREIMPLANTATION PULMONARY VASCULAR COMPLIANCE 


The effects of denervation are less clear. Neither is it 
possible to rule out partial reinnervation after reimplan- 
tation. The pulmonary vasculature is well innervated with 
sympathetic and parasympathetic fibers [6]. The sympa- 
thetic outflow to the lung comprises both a-receptors 
(vasoconstriction) and B-receptors (vasodilatation), with 
the former predominating. 

Thus, the net effect of sympathetic stimulation is veso- 
constriction [4]. Surgical sympathectomy acutely pro- 
duces vasodilatation, suggesting a tonic vasoconstrictive 
influence on the pulmonary bed [7, 8]. Parasympathetic 
stimulation of the lung, in contrast, produces vasodilata- 
tion [7], although parasympathectomy produces little 
change in the resting state [13]. Downing and Lee [6] 
noted that sympathetic fibers predominate in large elastic 
arteries of the lung. Stimulation of sympathetic outflow to 
the lung produced a decrease in compliance of these 
larger vessels, manifested as an increased pulmonary 
vascular resistance and PA pressure at higher cardiac 
outputs. This decrease in vascular compliance with sym- 
pathetic stimulation is similar to that observed in the 
animals in the present study. 

Previous research demonstrated afferent stretch recep- 
tors in the main PA that trigger reflex efferent norepi- 
nephrine-mediated vasoconstriction in the pulmonary 
vascular bed [14]. At increased main PA volumes, the 
pulmonary capillary circulation is thus protected by reflex 
vasoconstriction, producing pulmonary hypertension. 
This is in contrast to the phenomenon of preservation of 
PA pressure through capillary recruitment observed 
within the range of normal autoregulation [12]. Humoral 
release of catecholamines, histamine, serotonins, or pros- 
taglandins effects a complex interplay, but the various 
contributions of each are difficult to delineate [15]. The net 
effect of histamine or norepinephrine release is pulmo- 
nary vasoconstriction [15]. 

The reimplanted lobe is subject to the humoral stimu- 
lation of catecholamines and cholinergics, although den- 
ervation inhibits local release of neurotransmittors. The 
chronic effects of denervation may include up-regula-ion 
of receptors and increased sensitivity to humoral agents. 
The hypothesis that chronic denervation leads to an 
increased sensitivity to catecholamines and an augmented 
stress response warrants further investigation (Fig 3). We 
demonstrated normal hemodynamics in reimplanted 
lobes in the resting state. Increasing pulmonary blood 























PA (mm Hg) PCWP (mm Hg) CO (L/min) PVR (mm Hg/L/min) 
Group Pre Post Pre Post Pre Post Pre Post 
1 2241 33 + 8 821 122 7+1 4+1 1.8 + 0.3 5.3 £ 1.4 
2 2442 3442 19 aa 1342 SEI 541 2.8 + 0.4 44+C5 
3 23 + 3 60 + 13° Ire? 2144 521 4+1 2.4 + 0.4 12.7 + 3.9 





a Results are shown as mean + standard error of the mean. 


CO = cardiac ouzput; PA = pulmonary artery pressure; 
occlusion of the right pulmonary hilum; 


PCWP = pulmonary capillary wedge pressure; 
PVR = pulmonary vascular resistance. 





b p < 0.05 by analysis of variance. 


Pre and Post = before and after 
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Loss of 
Sympathetic 
Tone 
Up-Regulation 
of Sympathetic 
(a & B) Receptors 
Aggravated Stress 
Response (Increased 
Fig 3. Presumed mechanism for the observed increase Sensitivity to 
in pulmonary vascular resistance in response to in- . j 
creased blood flow. Sympathomimetics) 
flow, however, results in a marked increase in pulmonary 6. Downing SG, Lee JC. Nervous control of the pulmonary 
vascular resistance. We believe that this augmented stress circulation. Circ Annu Rev Physiol 1980;42:199-210. 
response is the result of chronic denervation, perhaps 7. Colebatch HJH, Dawes GS, Goodwin JW, et al. The nervous 
mediated by classic receptor up-regulation. This phenom- control of circulation in the fetal and newly expanded lungs 


enon should be present as well in clinical transplantation. 
Further investigation in this animal model and further 
clinical correlation in human transplants is required. 


of the lamb. J Physiol 1965;178:544. 

8. Rudolph AM, Heymann MA, Lewis AB. Physiology and 
pharmacology of the pulmonary circulation in the fetus and 
newborn. In: Hodson WA, ed. Lung biology in health and 
disease. The development of the lung. New York: Marcel 


This work was supported in part by funds from the American Dekker, 1977:497-520. 
Heart Association, Virginia Affiliate. 9. Lyreng RK, Philips JB. Control of pulmonary vascular resis- 


References 


tance in the fetus and newborn. Clin Perinatol 1984;11: 
551-64. 

10. Chalkley HW. Method for the quantitative morphologic 
analysis of tissues. J Natl Cancer Inst 1943;4:47-53. 


1. Goldberg M, Cooper JD, Lima O, et al. A comparison 11. Gomez RA, Sturgill BC, Chevalier RL, et al. Fetal expression 


between cyclosporine-A and methylprednisone plus azathi- of muscle-specific isoactins in multiple organs of the Wistar- 
oprine on bronchial healing following canine lung autotrans- Kyoto rai. Cell Tissue Res 1987;250:7-12. 
plantation. J Thorac Cardiovasc Surg 1983;85:821-6. 12. Fishman AP, Dynamics of the pulmonary circulation. In: 

2. Morgan WG, Lima O, Goldberg M, et al. Improved bronchial Handbook of physiology, circulation; section 2, vol II. 
healing in canine left lung reimplantation using omental Washington, DC: American Physiologic Society, 1963:1667~ 
pedicle wrap. J Thorac Cardiovasc Surg 1983;85:134-49. 743. 

3. Toronto Lung Transplant Group. Unilateral lung transplan- 13. Rudolph AM. Fetal and neonatal pulmonary circulation. 
tation for pulmonary fibrosis. N Engl J Med 1986;314:1140-5. Annu Rev Physiol 1979;41:383. 

4. Burke CM, Theodore J, Dawkins KD, et al. Post-transplant 14. Juratsch LE, Jengo JA, Laks MM. Role of the autonomic 
obliterative bronchiolitis and other late lung sequelae in nervous system and pulmonary artery receptors in produc- 
human heart-lung transplantation. Chest 1984;86:824. tion of experimental pulmonary hypertension. Chest 1977;71: 

5. McGahren ED, Teague WG, Flanagan TL, et al. Airway 265-9. 
obstruction after autologous reimplantation of the porcine 15. Bergofsky EH. Humoral control of the pulmonary circula- 


lobe. J Thorac Cardiovasc Surg 1989;97:587-92. tion. Annu Rev Physiol 1980;42:221-33. 


Experimental Study of a New Porous 


Tracheal Prosthesis 
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A. Cueto Ladrón de Guevara, MD, F. Marti Huedo, MD, M. G. de Vega, MD, 


and F. Paris Romeu 


Thoracic Surgery and Bronchology Units, Virgen de las Nieves Hospital, Granada, and Thoracic Surgery Unit, La Fé Hospital, 


Valencia, Spain 


We studied the efficacy of a new tracheal prosthesis made 
of expanded polytetrafluorethylene reinforced with spi- 
ral silicone rings to repair circumferential tracheal de- 
fects in rabbits. Results showed an adequate consistency 
of prosthesis, adequate tolerance without producing tra- 
cheal stenoses, and impermeability to air, allowing a 
correct invasion by granulation tissue. This process was 
faster than any found in any other porous tracheal 


se of synthetic tubular grafts for correcting circum- 
ferential tracheal defects is always problematic, and 
many materials are used in accordance with existing 
knowledge and technology [1-13]. The existence of such a 
variety of grafts and surgical techniques leads us to 
believe that the ideal graft technique has yet to be discov- 
ered and that its identification is one of the current 
challenges in general thoracic surgery research. 

When possible, the best surgical technique in tracheal 
reconstruction is resection and end-to-end anastomosis or 
autogenous tracheoplasty repair, but in some cases either 
pathology length, reduction in tissue elasticity in older 
patients, or fibrosis due to previous surgical procedures 
does not permit use of either technique. In such circum- 
stances, a tracheal prosthesis may be necessary to rees- 
tablish air-passage continuity; this possibility has been 
described previously [14, 15]. 

We present the results of use of a new reinforced 
tracheal prosthesis with a smaller pore diameter than 
most used so far. According to our hypothesis, this 
should improve host tissue incorporation and conse- 
quently reduce complications. 


Material and Methods 


Ten albino Californian rabbits (Oryctolagus cuniculus) with 
an average weight of 3,150 + 250 g and an average age of 
152 + 21 days were used. A porous tracheal prosthesis 
made of expanded polytetrafluorethylene (PTFE) rein- 
forced with a continuous silicone spiral was implanted in 
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implant so far tested. We proved that epithelialization 
results from capillary invasion through the prosthetic 
pores and from growth from both tracheal ends. We 
conclude that this prosthetic material can be useful in 
repairing tracheal defects and may be the optimal tra- 
cheal graft for humans. 


(Ann Thorac Surg 1990;50:281-7) 


the rabbits. The prosthesis used was Impraflex (Impza 
Sutures and Grafts, Paris, France) No. F7006 (6-mm inner 
diameter) because it is most similar to rabbit trachea. We 
implanted 4-cm long segments, which is approximate_y 
half the length of the trachea in these animals. Prostheses 
were sterilized in an autoclave with a regular cycle of 
122°C for 30 minutes at 15 psi. 

After 24 hours without food, the animals were immo- 
bilized and a cannula was introduced into the marginal 
vein of the ear. Anesthesia was induced with an intra- 
muscular injection of ketamine hydrochloride (Ketolar), 
25 mg/kg body weight, and was maintained with sodium 
pentobarbital, 20 mg/kg body weight, intravenously. An- 
imals received an initial preoperative dose of antibiotic (75 
mg of oxytetracycline), and this prophylaxis was mair.- 
tained for 48 hours. 

The animals were immobilized in a dorsal decubitus 
position with cervical hyperextension; the operative area 
was Shaved and disinfected, and a surface analgesia of 2% 
mepivacaine (Scandinibsa) was administered. The trachea 
was dissected by cervicotomy from the thyroid cartilage to 
the sternal manubrium, 4 cm of which was resected, 
starting from the first ring. The prosthesis was then 
anastomosed at the distal portion with continuous 4-0 
monofilament polypropylene; the proximal end of the 
implant was then stitched in the same way. During the 
entire operation, the animal was maintained in spontane- 
ous respiration with continuous, low-intensity aspiration 
of the tracheobronchial secretions and bleeding. Betweer: 
2 and 3 mm of implant was invaginated into the inside of 
the trachea in both anastomoses, avoiding excessive ten- 
sion in suture lines to prevent damage to the submucous 
capillary plexus. 
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Postoperative Studies 
Postoperative studies were evaluated as follows: 


CLINICAL. Stridor was evaluated at rest and under effort. 
Presence of infection was determined. Symptoms were 
related to survival. 


ENDOSCOPIC. With the animals under general anesthesia, 
we performed endoscopic studies using the same tech- 
nique described in the surgical procedure, with the aid of 
an Olympus OES-P10 bronchofibroscope. The endoscopic 
findings were evaluated after 1 month and for the dura- 
tion of the experiment. 

One month after the intervention, we evaluated steno- 
sis of a third of the lumen or less and its location, and the 
macroscopic appearance of the inner surface; if possible, 
we evaluated the degree of granulation tissue invasion 
and epithelialization. For the duration of the study, only 
animals in which serious stenosis was suspected by clin- 
ical and previous endoscopic findings were considered. 


RADIOLOGICAL. Radiological studies were performed by 
linear tomography of the cervical trachea every month. 
Stenosis degrees were evaluated according to the exist- 
ence in the radiological image of a 25%, 50%, 75%, or 
normal lumen. 


ANATOMOPATHOLOGICAL. Stenosis degree was evaluated 
macroscopically following the same quantitative criteria as 
described in the previous section, as was the location of its 
level. We recorded whether local infection was present. 
Morphology of the endoprosthetic surface was assessed 
with special attention paid to inflammation or granulation 
tissue and the degree of epithelialization. __ 
Granulation tissue in the inner prosthetic face was 
examined microscopically to evaluate its hypertrophic 
appearance, with qualitative consideration of the interme- 
diate stages that could have existed. We also assessed 
neovascularization of the implant according to vessel 
existence in the space around the prosthesis, neocapillar- 
ies crossing the prosthesis, or neoformation of a rich 
capillary subendothelial network. The degree of epithe- 
lialization of the implant and its type were also studied. 


Table 2. Endoscopy-Radiology Correlation (n = 10) 
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Table 1. Use of Expanded Tracheal PTFE Prostheses: 
Endoscopic Findings 1 Month After Operation (n = 10) 


No. of 


Variable Tested Animals 


Tracheal stenosis less than one-third of the lumen 
Upper anastomosis 1 
Lower anastomosis 
Center of the graft 

Invasion by granulation tissue 
0 = Nonexistent 
1 = Slight 
2 = Appearing in islands 


O WOW KR 


3 = Hypertrophic granulation tissue 
Epithelialization 

0 = Traces 

1 = Beginning of epithelialization 

2 = Advanced epithelialization 

3 = Total epithelialization 


Nn PP WR 


PTFE = polytetrafluoroethylene. 


Results 


Animals were killed according to the clinical and endo- 
scopic findings when we judged that the degree of tra- 
cheal stenosis, when it occurred, was incompatible with 
comfortable survival. Five animals were killed on days 32, 
45, 60, 120, and 180; the 5 other animals survived more 
than 6 months. One month after implantation, stridor at 
rest was noted in 1 animal and superficial infection was 
noted in another; after 45 days, 1 case of stridor under 
effort and 1 of deep infection (mediastinitis) were noted; 
and after 4 months, 1 case of stridor under effort was 
noted. 

Necropsy showed that stridor was the result of granu- 
lation tissue in anastomoses in the early cases, whereas in 
the later cases the clinical symptom resulted from stenosis 
in the center of the prosthesis owing to lack of epithelial- 
ization in the inner surface. In all cases, stridor was 
related to a reduction in tracheal lumen to at least one 
third of its normal diameter. 























Animal Endoscopy (Location of Stenosis) Radiology (Tracheal Lumen) 
Survival 
(mo) Upper Lower Center 100% 75% 50% 25% 
wees 1 oa 
15 Ba Sak 1 Sash 
2 1 iad 
4 1 sia 1 
6 EE 1 
>6 2 3 
Total 0 1 2 D 2 5 3 
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The endoscopic studies performed 1 month after the 
surgical procedure showed 3 cases of tracheal stenosis of 
less than one third of the normal lumen; in 2 animals it 
was located in the middle of the prosthesis, and in 1 it was 
located at the level of the lower anastomosis. In these 3 
animals we noted granulation tissue and the correspond- 
ing clinical symptoms. 

Epithelialization of the implant (macroscopically as seen 
by endoscopy) was complete in 2 animals and greatly 
advanced in 4 others. Only traces or the beginning of 
epithelialization was observed in 4 (Table 1). 

In the other animals, endoscopy was performed based 
on the clinical situation and according to radiological 
images. The tracheal stenosis found in 3 animals after 1 





GUUARRO JORGE bt AL £09 
POROUS TRACHEAL PROSTHESIS 


Fig 1. Lineal roentgenography and to- 
mography. Left: The prosthesis was toler- 
ated very well; no stenosis is apparent, 
Right: prosthesis with stenosis (white 
arrow). 





month and suspected after radiology was corroborated. 
These were the animals killed on days 32, 45, and 120 after 
implantation (Tables 1, 2). 

Early tracheal stenosis was anastomotic owing to tech- 
nical errors, whereas late lesions occurred at the midpor- 
tion of the graft secondary to excessive granulation tissue 
growth and lack of epithelialization. 

The radiological images (Fig 1) showed stenosis of more 
than 25% in the 3 animals described above, and 2 cases of 
stenosis of about 50% of the lumen. The latter 2 animals 
underwent postmortem examination after 60 and 180 
days. Correlation between endoscopic and radiological 
findings is shown in Table 2. 

Histopathological examination showed macroscopically 
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that animals surviving 6 months or more showed a perfect 
tracheal lumen; a reduced lumen 50% of normal size was 
observed in only 2 animals. In both, stenosis was located 
in the middle of the prosthesis. 

Regardless of the survival time, some degree of stenosis 
occurred in the middle of the implant in 5 animals, and in 
the lower anastomosis in only 1. Epithelialization of the 
internal prosthetic surface was complete in 5 animals. The 
macroscopic morphology of the endoprosthetic surface 
was total epithelialization in the 5 animals that survived 
more than 6 months; epithelialization was observed after 
2, 4, and 4 months. In the cases of shorter survival, on 
days 31 and 45, marked inflammation with coarse granu- 
lation tissue was apparent (Table 3). 

Macroscopically, we observed a thick scleroinflamma- 
tory sheath around the prosthesis and absence of cartilag- 
inous neoformation (Fig 2). No prosthesis was dislodged, 
in contrast to the findings of other investigators [15] who 
used nonporous prostheses. They described the fall of the 
prosthesis into the bed of cicatricial tissue [15]. In some 
cases, we found inflammatory granulomas at an anasto- 
motic level. In animals with severe stenosis at the level of 
the suture line (Fig 3), we observed distal retention of 
secretions, often purulent. Almost without exception, 
some degree of stenosis was found in the middle of the 
prosthesis owing to excessive granulation tissue prolifer- 
ation. In 8 animals, epithelialization was total. In some 
animals the introduction of suture threads as the result of 
technical defects in performing the anastomosis led to 
severe tracheal stenosis (see Table 3). 

Microscopically, we observed a close correspondence 
between findings of hypertrophic granulation tissue and 
serious tracheal stenosis. Epithelialization, which to a 
certain extent runs parallel to the degree or length of 
granulation tissue, was complete in 8 of the 10 animals in 
the experiment. As for the endoprosthetic covering, we 
observed that a transition from nonciliated monostratified 
to ciliated monostratified epithelium occurred, with com- 
plete epithelialization occurring only after the sixth week. 

Neovascularization and epithelialization of the tracheal 
implant were studied macroscopically with special inter- 
est. Only in 1 animal, killed after 31 days, did we observe 
formation of neocapillaries only at the level of peripros- 
thesis. In the rest of the animals, capillaries crossed 
prostheses, and the 8 animals with maximum survival 
showed the formation of a rich subepithelial capillary 
network (Fig 4). 

Prosthetic neovascularization occurred in three stages: 
(1) capillaries located in the periprosthesis; (2) capillaries 
crossing the prosthesis; and (3) finally, appearance of a 
rich subepithelial network. 

Endoprosthetic epithelialization was complete in 7 ani- 
mals (these with maximum survival) and was very ad- 
vanced in the animal killed after 60 days, with ciliated 
monostratified epithelium in the former and nonciliated 
monostratified epithelium in the latter. The 2 animals 
with shorter survival showed only traces of a polystrati- 
fied epithelium (Table 4). 
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complete; 4 = hypertrophic. 


Introduction of Threads in Lumen 
None 
1 
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Traces Total 
1 
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Degree of 
Epithelialization 


No 
1 
1 
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2 = rich subepithelial network. 


ace: 0 = nonexistent; 1 


Location of 
Stenosis 





Upper Lower Center 





25 
1 
1 
1 
3 





Degree of 
Stenosis (% of 
Tracheal Lumen) 


100 
0 


75 
2 
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Table 3. Use of Expanded Tracheal Polytetrafluoroethylene Prostheses: Macroscopic Findings (n = 10) 
5 
Total 


50 
1 
1 
3 
5 
4 Presence of granulation tissue on the endoprosthetic surf 


0 = in periprosthesis; 1 = the capillaries cross prosthesis; 


Animal 
Survival 
(mo) 

1 

1. 

2 

4 

6 
>6 
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Fig 3. Microphotograph of prosthesis in an animal that died as a re- 
sult of granulation tissue in the middle of the graft from lack of epi- 
thelialization. (GT = Hypertrophic granulation tissue; P = prosthe- 
sis; TE = traces of epithelium; TL = tracheal lumen.) (Hematoxylin 
and eosin; X100 before 30% reduction.) 
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Fig 2. Microphetograph of endopro- 
thesic epithelialization. Histological 
study 7 months after operation. (GT 
= granulation tissue; P = prosthesis; 
TE = traces of epithelium; TL = tra- 
cheal lumen.) (Hematoxylin and 
eosin; X 100 before 29% reduction.) 


Comment 


The choice of prosthetic grafts in repair of tracheal steno- 
sis is controversial. The qualities required for a tracheal 
prosthesis to be considered ideal are impermeability to 
air, a consistency that prevents collapse, and good accep- 
tance by host tissue causing a minimum inflammatory 
reaction and always allowing fibroblastic infiltration to 
occur before epithelialization of the inner surface occurs 
(16, 17]. 

We believe that the prosthesis we used has all these 
qualities. First, the synthetic material, PTFE, is a polymer 
with an inert component of only 20%; the other 80% is air, 
which explains its good tolerance. Second, the micro- 
porosity (30-um diameter) is exactly that which allows 
fibroblastic and therefore vascular invasion, maintaining 
the necessary aerostasis and avoiding permeation of sep- 
tic material to the outside. This favors formation of a rich 
capillary network in submucosa, which allows quick epi- 
thelialization. Third, the porous material is hydrophobic, 
which prevents absorption of water and septic secretions 
of the tracheobronchial tree except under pressure, im- 
possible in the physiological conditions of the tracheo- 
bronchial tree. This explains the low incidence of medias- 
tinitis. Fourth, it is easy to handle in surgery. Finally, the 
external support of silicone prevents its collapse (Fig 5). 

The origin of epithelium in porous prostheses is a 
matter of debate, variously explained by growth of resec- 
tion edges or by migration of conjunctive elements 
through the microporosity, mainly fibroblasts, forming a 
new submucosa layer or from the vessels (subendothelial 
network). Thus, in this type of PTFE prostheses, which 
have been studied mainly as vascular implants, it is 
supposed that the origin is growth in both anastomotic 
zones [18], starting from the microcapillaries introduced 
through the interstices of the implant or from endothelial 
microemboli that colonize the prosthesis [19]. By histo- 
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Fig 4. Neovascularization through 
the prosthesis. (BV = blood vessel; P 
= prosthesis.) (Masson stain, x 200 
before 29% reduction.) 


as 


chemical and inmunohistochemical methods and by au- 
toradiography with marked timidine and indium [20], 
endothelialization in PTFE prostheses has been demon- 
strated to occur mainly from the resection edges, progres- 
sively covering the implant until the middle is reached. 
Transmural invasion by neoformed capillaries, however, 
makes these prostheses endothelialize earlier, because 
these cells also derive from the capillaries that invade the 
implant (18, 21, 22], 

Our preliminary studies at the level of the respiratory 
tract showed an earlier epithelialization than that de- 
scribed in other studies with other types of prosthesis. 
This vascular invasion was closely dependent on the 
microporosity of the material. This fact is very important 
in understanding why these implants are so well ac- 
cepted. The epithelial or endothelial growth from the 
resection edges is limited, and in most experimental 


Fig 5. Macrophotography of animal that survived 
more than 6 months (note perfect btoincorporation of 
prosthesis and anastomosis lines). (Each square is 
equal to 1 cm.) 








models is never complete. If the microporosity allows 
vascular invasion, however, epithelialization is complete 
and quick. 

With this experimental model, the survival rate using 
this type of prosthesis was very acceptable, as 50% of the 
animals survived more than 6 months. Without reaching 
definitive conclusions, we are aiming to start a new line of 
research in this difficult area of circumferential tracheal 
substitutes. Both experimentally and in human clinical 
practice {11], late cases of degeneration of synthetic ma- 
terial have been demonstrated; therefore, although in our 
experience “bioincorporation’’ of such material at the 
level of the respiratory tract was adequate, clinical con- 
trols should be performed indefinitely. 

We conclude that use of PTFE externally supported 
prostheses with silicone rings at the tracheal level 
achieves better results than does use of any other material 
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Table 4. Use of Expanded Tracheal Polytetrafluoroethylene Prostheses: Microscopic Findings (n = 10 Animals) 


Animal 


i Epithelialization 
Survival 
(mo) Traces Beginning Advanced Complete 
1 

1.5 1 am 

2 T BEY 

4 1 

6 1 
>6 5 

7 


Total 2 0 1 


reported in the literature and that further investigation in 
this field can achieve good results in human tracheal 
surgery. 


This study was supported by grant No. 1.988 from the F.E.P.A.R. 
(Spanish Respiratory System Pathology Foundation). 
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Paraplegia Associated With the Use of Oxidized 
Cellulose in Posterolateral Thoracotomy Incisions 


H. David Short, MD 


Department of Surgery, Mother Frances Hospital, Tyler, Texas 


Three patients suffered permanent neurologic injury af- 
ter oxidized regenerated cellulose migrated into the spi- 
nal canal after thoracotomy. These cases are reported to 
alert surgeons of this potential complication when oxi- 
dized cellulose is used to achieve hemostasis in the 
posterior angle of the thoracotomy incision. 

(Ann Thorac Surg 1990;50:288-90) 


his report describes 3 patients with paraplegia occur- 

ring after a migration of oxidized regenerated cellu- 

lose that had been placed in the posterior angle of 

thoracotomy incisions for hemostasis. Each patient was 

operated on by a different surgeon between 1981 and 1984 

in Houston, Texas. This experience stresses the potential 
risk of using oxidized cellulose in this manner. 


Case Reports 


Patient 1 


A 72-year-old woman was admitted after discovery of a 
2.5-cm lesion in the right mid-lung field an routine chest 
roentgenography. Bronchoscopic biopsy showed bron- 
chogenic carcinoma. On August 6, 1981, she underwent 
right upper and middle lobectomy. Histological examina- 
tion showed poorly differentiated adenocarcinoma, with 
seven of nine lymph nodes involved with metastatic 
disease. 


For editorial comment, see page 178. 


An operation was performed through a routine postero- 
lateral thoracotomy in the fifth intercostal space. The fifth 
rib was disarticulated from the transverse process to 
improve exposure and to avoid breaking the rib. Venous 
bleeding from the posterior angle of the incision was 
controlled during operation by a laparotomy sponge. 
After completion of the pulmonary resection and before 
closure, it was difficult to determine the source of or to 
control this bleeding. A piece of oxidized cellulose was 
placed in the posterior angle of the wourd near the head 
of the disarticulated rib. From prior experience, it was 
believed that wound closure would allow compression of 
the material against the bleeding vessels and provide 
hemostasis. The chest wall was closed with large chromic 
pericostal sutures. 
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Early in the postoperative period, it was noted that she 
was unable to move her legs. An emergency myelogram 
showed a block at the T5-6 level. Emergency laminectomy 
with cord decompression and evacuation of hematoma 
was carried out. The evacuated material included a por- 
tion of the oxidized cellulose placed in the posterior angle 
at thoracotomy. With rehabilitation therapy, the patient 
had a modest return of function but remained essentially 
paraplegic for a year and a half before she died of 
metastatic carcinoma. 


Patient 2 


A 49-year-old man was admitted for resection of a 3-cm 
nodule in his right upper lobe discovered on routine chest 
roentgenography not present 18 months before. The 
results of a percutaneous fine-needle aspiration biopsy 
were positive for carcinoma. A right upper lobectomy was 
performed. The specimen showed adenocarcinoma with 
two of 11 bronchial nodes positive for metastatic carci- 
noma. 

An operation was performed through a right postero- 
lateral thoracotomy in the fifth intercostal space, opened 
on top of the sixth rib to the tip of the transverse process 
posteriorly. Venous bleeding from the top of the sixth rib 
could not be controlled by electrocautery, and the narrow 
angle precluded ligation of the source. Consequently, one 
half of a 2 x 14-inch (5 x 36-cm) strip of oxidized 
regenerated cellulose was folded and placed on top of the 
sixth rib. After the lung resection was completed, the 
material was removed. When venous bleeding recurred, 
the other half of the 2 x 14-inch piece of oxidized 
regenerated cellulose was placed in the incision as before, 
and the wound was closed with absorbable pericostal 
sutures. 

The patient's initial postoperative course was uncom- 
plicated, and after extubation, mobilization was begun in 
the intensive care unit. Neurologic vital signs taken every 
2 hours were recorded as normal, and extremity move- 
ment was strong for both voluntary motion and move- 
ment on command through 48 hours postoperatively. At 
50 hours he began to complain of heaviness and numb- 
ness in his right leg; but neurologic examination by the 
intensive care unit resident showed no objective evidence 
of motor or sensory deficit. When his complaint of right 
leg numbness persisted 3 hours later, neurologic consul- 
tation demonstrated a motor and sensory deficit. 

Emergency myelogram showed a complete block at the 
T5-6 level. Fifty-seven hours after thoracotomy, an emer- 
gency laminectomy (T3-6) showed a cord compression by 
a gelatinous mass consistent with hematoma and oxidized 
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cellulose. The mass was partially in the epidural space but 
extended through the intervertebral foramen laterally, By 
the time of laminectomy, his neurologic deficit had pro- 
gressed to involve both legs. After operation, he ulti- 
mately regained function in his left leg but continued to 
have a spastic monoplegia involving his right leg. 


Patient 3 


A 59-year-old man was hospitalized for resection of an 
asymptomatic 3-cm nodule in the superior segment of his 
right lower lobe discovered 2 months previously on a 
chest roentgenogram obtained after an automobile acci- 
dent. Bronchoscopy yielded no diagnosis. Operation was 
performed through a right posterolateral thoracotomy 
incision in the fifth intercostal space, opened as far 
posteriorly as possible to avoid rib fracture. Venous bleed- 
ing at the posterior angle of the interspace was controlled 
with oxidized cellulose. A frozen section of the nodule 
showed a poorly differentiated non-oat cell bronchogenic 
carcinoma, and a right lower lobectomy was performed. 
The hemostatic material was removed before wound 
closure, but bleeding recurred, so a fresh piece was 
inserted and the ribs were approximated with absorbable 
pericostal sutures. 

When the patient arrived in the intensive care unit 3% 
hours later, he was fully awake and complaining of 
numbness in the lower part of his body and an inability to 
move either leg. A neurological consultant recommended 
immediate myelogram, which the patient refused until 6 
hours later. Myelogram showed a complete block at the 
T5-6 level. Laminectomy showed oxidized regenerated 
cellulose in the spinal canal compressing the cord. Cord 
decompression resulted in no neurologic improvement. 


Comment 


Paraplegia after thoracotomy is a rare complication. It has 
been seen both with and without compressing hemato- 
mas, the latter cases presumably on an ischemic basis [1]. 
The patients described here point out a previously unrec- 
ognized risk associated with the use of oxidized cellulose 
at the posterior angle of the thoracotomy incision. Fea- 
tures common to all 3 patients are the occurrence of 
venous bleeding that was easily controlled with an ab- 
sorbable hemostatic material believed to have been used 
in a completely proper and safe manner. Each surgeon 
was careful not to pack or compress the material into the 
angle, and each avoided pushing the hemostatic material 
into the intervertebral foramen or through it into the 
epidural space. Yet, in each case, at the time of laminec- 
tomy, the oxidized cellulose was found in the spinal 
canal. 

Perez-Guerra and Holland [2] reported a case of post- 
pneumonectomy paraplegia due to epidural hematoma 
formation. The complication was thought to have been 
caused by oxidized cellulose blocking the egress of inter- 
costal arterial bleeding. In the patients reported here, the 


SHOKI £09 
PARAPLEGIA AFTER THORACOTOMY 


oxidized cellulose itself was apparently causing or cen- 
tributing to the compression. 

Product information warns against leaving this material 
in situ in laminectomy wounds or in foramina in bones 
when hemostasis is obtained because swelling can cause 
nerve damage owing to pressure in a bony confine [3]. No 
mention is made concerning the potential of the material 
to migrate. Dutton and associates [4] reported a case of 
compressive optic neuropathy after oxidized cellulose 
migrated from the anterior cranial fossa into the orbital 
apex through an orbital roof fracture. Tashiro and col- 
leagues [5], in an article about complications of epidural 
anesthesia, describe the migration of oxidized cellulose 
pledgets into the epidural space. The pledgets were used 
to pack a rib fractured during thoracotomy. I believe that 
in the 3 patients reported here, oxidized regenerated 
cellulose migrated from the posterior angle of the thora- 
cotomy into the spinal canal through the intervertebral 
foramen. Possible mechanisms of this migration may 
include pressure created by closure of the ribs with 
pericostal sutures or respiratory movement itself. Cord 
compression symptoms may occur early, as in patients 1 
and 3, or may be delayed 50 hours postoperatively, as in 
patient 2. 

Use of oxidized regenerated cellulose in the posterior 
angle of posterolateral thoracotomy incisions presents a 
risk not previously recognized. Three different experi- 
enced thoracic surgeons used the product in a manner 
believed to have been consistent with the directions of the 
manufacturer yet with disastrous consequences. To facil- 
itate exposure in posterolateral thoracotomies, dissection 
is often carried far anteriorly or posteriorly in the inter- 
costal space. Alternatively, ribs may be cut or resected 
partially or completely. This may avoid some posterior 
dissection. 

However, when bleeding encountered in the posterior 
angle is uncontrollable by electrocautery or suture liga- 
tion, hemostasis achieved using oxidized regenerated 
cellulose left in situ but unsecured may be accompanied 
by the risk of migration and neurologic injury. 
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INVITED COMMENTARY 


In separate communications, Walker and Short have 
brought to our attention important points relating to the 
technique of posterolateral thoracotomy. Short has enti- 
tled his report “Paraplegia associated with the use of 
oxidized cellulose in posterolateral thoracotomy inci- 
sions.” In 1 patient, rib disarticulation from a transverse 
process was used to improve exposure and to avoid rib 
fracture. In the other 2 patients, venous bleeding occurred 
after the intercostal space was opened to the level of the 
transverse process. In all 3 patients, the goal of the 
method of incision was to gain exposure and to avoid rib 
fracture; the fundamental problem was bleeding that 
resulted in spinal cord compression. Thus, the issue is 
how to prevent and treat bleeding at the costovertebral 
angle during thoracotomy. Short’s focus is on the avoid- 
ance of foreign material that was thought to migrate and 
to compress the spinal cord. In my judgment, it is the 
persistent bleeding and not the foreign material that 
deserves primary attention. Because I know of another 
patient who suffered paraplegia under similar circum- 
stances from a thoracotomy incision, I presume the com- 
plication may be more common than previously reported. 

The principles of prophylaxis, diagnosis, and manage- 
ment are: (1) the spinal cord is contained in a fortresslike 
closed space, and the intervertebral foramina are the 
peepholes; (2) the thoracic spinal cord blood supply is 
precarious, and this regn is therefore sometimes re- 
ferred to by neurological surgeons as a “watershed area”; 
(3) anticipation of the possibility of spinal cord compres- 
sion is fundamental to taking preventive steps; (4) oper- 
ations in the paravertebral region include the risk of spinal 
cord compression; (5) spinal cord compression demands 
prompt recognition and treatment. 

In the management of posterior mediastinal neurogenic 
tumors, the above principles are well recognized, and 
collaboration with neurological surgeons is customary. 
Preoperative computed tomographic scanning and some- 
times magnetic resonance imaging are standard. It is 
usual to gain control of any intravertebral portions of 
tumors before dissecting the thoracic portions. This ap- 
proach recognizes the fact that the costovertebral region is 
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a delicate territory wherein neurological surgeons more 
commonly operate than most thoracic surgeons. 

Thoracotomy incisions are generally done quickly, us- 
ing techniques that are different and rougher than those 
used around the spinal cord. Within every senior thoracic 
surgeon’s memory is the era when rib(s) were routinely 
cut or removed. Now, in most centers, ribs are removed 
or cut uncommonly. Gradual spreading of the ribs, sub- 
periosteal incisions, muscle-sparing incisions, and other 
adjuncts have made thoracotomies less traumatic than in 
the past. Nonetheless, oozing at the posterior aspect of 
the incision is common. The use of a headlight has > 
improved my visibility and my ability to obtain precise 
hemostasis in the costovertebral angle. When it is occa- 
sionally necessary to gain additional exposure, I resect a 
short segment or even a whole rib. I cannot agree with the 
routine practice of disarticulation of a rib, particularly 
without direct vision. Unexpected rib fracture is an ac- 
ceptable occasional undesirable consequence of thoracot- 
omy that can be quite well handled either by excising a 
short segment of rib to avoid overriding potentially pain- 
ful edges or by suture stabilization of the fracture. An 
extra 5 to 10 minutes devoted to maneuvers that will 
insure hemostasis in the costovertebral angle is time well 
spent. 

Under circumstances requiring extensive dissection in 
the costovertebral angle, precise technique is imperative. 
Should uncontrolled or poorly controlled bleeding in an 
intervertebral foramen be considered a risk during pre- 
operative assessment, or should it occur unexpectedly, 
calling for consultation from a neurological surgeon is 
indicated. 

Walker and Short have both provided an important 
service by calling intravertebral bleeding as a consequence 
of thoracotomy incision to our attention. Under rare 
circumstances, when prophylaxis does not suffice to avoid 
the problem, prompt neurosurgical decompression and 
hemostasis is indicated. 


John R. Benfield, MD 
Sacramento, California 
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Presumed Kawasaki Disease Resulting in Multiple 


Coronary Artery Aneurysms in an Adult 
Sidney B. Brevard, MD, and Vernon C. Smith, MD 


Departments of General Surgery and Cardiothoracic Surgery, Wilford Hall United States Air Force Medical Center, Lackland Air 


Force Base, Texas 


Kawasaki disease (mucocutaneous lymph node syn- 
drome) is a pathological process seen mostly in children, 
but has been reported in adults. The late manifestations 
of the syndrome can include the development of multi- 
ple coronary artery aneurysms. This article describes a 
27-year-old man with no risk factors for atherosclerotic 
disease with multiple coronary artery aneurysms. 

(Ann Thorac Surg 1990;50:291-3) 


27-year-old man with no family history of athero- 

sclerotic disease and associated risk factors was 
examined by his physician for stabbing chest pain associ- 
ated with hiking. The patient had no previous history of 
chest pain or heart disease. The patient also denied any 
history of extended febrile episodes, adenopathy, oropha- 
ryngeal lesions, or abnormal skin changes. An electrocar- 
diogram when the patient was at rest showed nonspecific 
ST segment changes and Q waves in leads I, HI, and aVF. 
Exercise tolerance test to 90% of maximal heart rate was 
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interpreted as negative. Doppler echocardiography 
showed moderate mitral valve prolapse and mild leaflet 
thickening, moderately dilated left ventricle, and a normal 
aortic valve. The patient was given a regimen of propran- 
olol, and a subjective decrease in chest pain was noted. 

The exercise tolerance test was repeated with the pa- 
tient on a propranolol regimen approximately 4 months 
later. The patient was subjected to stress to less than 
maximal heart rate (151 beats/min), and at 8 minutes he 
had chest pain with 2-mm ST segment depression in leads 
V, through Vs. 

An exercise tolerance test with thallium was performed 
and was interpreted as markedly positive with 4-mm ST 
changes and chest pain. The thallium report suggested 
anteroseptal and inferior wall ischemia. Left ventricular 
catheterization showed aneurysmal dilatation of the left 
and right main coronary arteries and 100% occlusion of 
the left anterior descending coronary artery after the first 
septal branch. The right coronary artery was noted to be 
tortuous (Figs 1 and 2). The ventriculogram showed an 


Fig 1. Left coronary injection showing aneurysm 
and anterior descending artery occlusion. 
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Fig 2. Right coronary artery injection showing 

é i i yan, 8 
proximal aneurysm. Faint visualization of Hie dis- 
tal anterior descending artery is seen. 


ejection fraction of 0.50 with anterolateral, posterobasal, 
and posterolateral dyskinesis. Hypokinesis was seen in 
the apical, basal septal, and apical septal regions. Hemo- 
dynamic studies were normal. 

At operation, the left internal mammary artery was 
anastomosed to the left anterior descending coronary 
artery distal to the aneurysm and the occlusion. The right 
internal mammary artery was anastomosed to the right 
coronary artery distal to the aneurysm. A saphenous vein 
graft was used to bypass the obtuse marginal artery, and 
the proximal circumflex artery was ligated to prevent 
embolization from the aneurysm and also to limit compet- 
itive flow. The coronary arteries appeared normal at the 
bypass sites. The patient did well postoperatively and was 
discharged without complication. On follow-up at 6 
months, the patient was stressed with a thallium exercise 
tolerance test for 11 minutes and had no chest pain, 
electrocardiographic changes, or evidence of reversible 
ischemia. 


Comment 


Although atherosclerosis is the most common cause of 
coronary artery aneurysms in the United States, Kawasaki 
disease is the most common cause of nonatherosclerotic 
coronary artery aneurysms in the US and worldwide [1]. 
Kawasaki disease can be divided into an acute, subacute, 
and convalescent phase. The acute phase involves a 
persistent fever for more than 5 days, exanthema, and 
oropharyngeal inflammation. The subacute phase is seen 
with resolution of the patient’s fever and desquamation of 
the skin from distal extremities. It is during this subacute 
phase that cardiac dysfunction or coronary artery aneu- 
rysms may develop. The convalescent phase i is character- 
ized by resolution of symptoms [2]. 

Coronary artery aneurysm develops in only 10% to 20% 
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of patients, and 50% of the aneurysms may regress in 1 to 
2 years [3]. Ischemic heart disease is seen in less than 3% 
of all patients [3]. Sudden death has been reported as 
caused by thrombosis of these persistent coronary artery 
aneurysms. Coronary artery bypass grafting has therefore 
been used for patients with major myocardial ischemia 
and/or aneurysms that appear to be at risk for thrombosis. 

A review of the literature showed at least 9 cases of 
documented or suspected Kawasaki disease in adults in 
the US [4]. Although most of these patients do not require 
coronary artery bypass grafting, it has been reported as 
successful in the US and Japan [4, 5]. 

We conclude that young adults with coronary artery 
aneurysms who have no history of atherosclerotic disease 
should be questioned about any childhood illnesses re- 
sembling Kawasaki disease. We also suggest that a diag- 
nosis of presumed Kawasaki disease should be consid- 
ered, even if the childhood history is negative for the 
disease. Coronary bypass grafting may become necessary 
for the treatment of the coronary artery abnormalities that 
may occur. 
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INVITED COMMENTARY 


A report is presented of a 27-year-old man with no risk 
factors for atherosclerotic disease who subsequently un- 
derwent operation for presumed Kawasaki disease result- 
ing in coronary aneurysms and obstructions. Although 
there was no history suggestive of acute phase of the 
disease, angiograms of this patient look very similar to 
those of coronary artery lesions in Kawasaki disease, ie, a 
recanalized right coronary artery, an occluded left anterior 
descending artery, and formation of coronary artery an- 
eurysms. Before Kawasaki disease had become widely 
known in the US, several articles reported surgical treat- 
ments for coronary artery aneurysms and obstruction in 
young adults as cited in our previous publication [1]. The 
cause of the disease was described as unknown, inflam- 
matory, or congenital at that time. The angiograms pre- 
sented all closely resembled those of Kawasaki disease, 
but this cannot be confirmed. In my opinion, these cases 
should be categorized as “presumed” or “atypical” cases 
of Kawasaki disease, which are found also in Japan. 
Concerning the surgical treatment for this patient, I 
agree with Brevard and Smith as to the use of bilateral 
internal mammary arteries anastomosed to the right and 
left anterior descending arteries [2], although postopera- 
tive angiographic studies have not been reported. How- 
ever, I disagree with the management of the circumflex 
artery. They described that the circumflex artery, which 
had been bypassed with a saphenous vein graft, was 
ligated proximally to prevent embolization from the an- 
eurysm. The simple presence of a small solitary aneurysm 
as seen in the circumflex artery of this patient does not 
produce ischemia in the area, and if coronary artery 
stenosis with a resultant pressure gradient occurs at the 
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inflow or outflow portion of the aneurysm (the most 
common sites of occlusion in Kawasaki disease), blood 
flow runs through the graft upward to the aneurysm and 
thus distal embolization from the aneurysm does not 
occur, not only theoretically but from our experiences as 
well. Moreover, grave concern exists regarding the poten- 
tial late closure of the saphenous vein graft to the artery 
ligated proximally. No single case has been reported of a 
ruptured coronary artery aneurysm in the convalescent 
phase of Kawasaki disease; thus, in my opinion, ligation 
or resection of the aneurysm is unnecessary. This disease 
has recently gained much attention [3] in the US, and I 
congratulate Drs Brevard and Smith on their interesting 
article. 


Soichiro Kitamura, MD 


Department of Surgery III 
Nara Medical College 
Kashihara, Nara, Japan. 
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Coronary Revascularization in a Child 
With Kawasaki Disease: Use of Right 


Gastroepiploic Artery 


Yasuo Takeuchi, MD, Akihiko Gomi, MD, Yoshitaka Okamura, MD, Hideaki Mori, MD, 


and Mitsugi Nagashima, MD 


Department of Cardiovascular Surgery, Kanto-Teishin Hospital, Tokyo, Japan 


In coronary insufficiency produced by Kawasaki disease, 
myocardial revascularization using saphenous vein, in- 
ternal mammary arteries, and a combination of both 
grafts has been performed with considerable success. 
Recently, we successfully used a right gastroepiploic 
artery as another conduit in coronary revascularization of 


oronary aneur’sms and subsequent stenoses pro- 

duce serious problems in children with Kawasaki 
disease. After the first successful surgical case [1], many 
children have been revascularized using saphenous vein 
grafts (SVGs). However, the mid-term or long-term graft 
patency of these patients was considerably lower than 
expected [2]. In 1984, Kitamura and associates [3] first 
used the left internal mammary artery (IMA) for revascu- 
larization of a child with Kawasaki disease, and the use of 
IMA became the procedure of choice since then. How- 
ever, IMA has its limitations in number and in length 
required to reach the posterior surface of the heart. 


Fig 1. Preoperative coronary angio- 
gram. Right coronary artery (RCA) 
was totally occluded and opacified by 
collateral circulation from the circum- 
flex system. Left anterior descending 
coronary artery (LAD) was also seen 
by collateral filling from huge aneu- 
rysms of the left coronary artery (ar- 
rows). 


Accepted for publication Apr 2, 1990. 





Address reprint requests to Dr Takeuchi, Department of Cardiovascular 
Surgery, Kanto-Teishin Hospital, 5-9-22, Higashi-Gotanda, Shinagawa- 
Ku, Tokyo 141, Japan. 


© 1990 by The Society of Thoracic Surgeons 





a 6-year-old boy with Kawasaki disease. Use of the 
gastroepiploic artery was feasible even in a small child, 
and this technique is expected to contribute to long-term 
graft patency as an arterial graft adjunct to internal 
mammary arteries. 

(Ann Thorac Surg 1990;50:294-6) 


Recently, we applied gastroepiploic artery (GEA) to by- 
pass the posterior descending (PD) branch of the right 
coronary artery (RCA) in coronary artery bypass grafting 
of a child with Kawasaki disease. 


The patient was a 6-year-old boy in whom Kawasaki 
disease developed at the age of 3% years. The first cardiac 
catheterization performed when he was 4 years old 
showed huge aneurysms at both coronary ostiums. After 
the recurrence of Kawasaki disease, he began to experi- 
ence occasional chest oppression or pain. His second 
coronary angiography at 6 years showed total occlusion of 
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Fig 2. Early postoperative angiogram: right gastroepiploic artery 
(GEA) anastomosed to posterior descending branch of right coronary 
artery (4PD) was patent. 


the RCA at its origin and a huge aneurysm at the left main 
coronary artery. The left anterior descending (LAD) and 
posterior descending branches of the RCA (4PD) were 
opacified by the collateral circulation from the circumflex 
system, of which the obtuse marginal branch also had 
90% stenosis (Fig 1). 

The ejection fraction of the left ventricle was 0.56. The 
patient’s electrocardiogram when at rest was normal, but 
a treadmill test was positive at the second stage of Bruce 
protocol owing to chest pain and considerable ST depres- 
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sion in leads Il, VI, and V5. The thallium 201 myocardial 
scintigram showed transient ischemia at LAD and RCA 
areas. Surgical treatment was advised based on these 
findings. 

At operation, large aneurysms were noted at both 
origins of the coronary arteries and also just before the 
bifurcation of 4PD and the atrioventricular branch of 
RCA. Before cardiopulmonary bypass was begun, the left 
IMA, GEA, and SVG were prepared and showed good 
quality. Using moderate hypothermia (25°C) and blood 
cardioplegia, we first anastomosed SVG to the obtuse 
marginal branch with interrupted 7-0 silk suture, then the 
left IMA to LAD and GEA to 4PD with continuous 8-0 
polypropylene sutures. 

Weaning from cardiopulmonary bypass was easy, and 
postoperative recovery was smooth without any compli- 
cations. The postoperative angiogram at 1 month showed 
that both arterial grafts, GEA to 4PD and LIMA to LAD, 
were patent, but the SVG-to-obtuse marginal branch graft 
was occluded (Figs 2, 3). The failure of the SVG-to-obtuse 
marginal branch graft in this case was attributed to the 
small perfusion area of this branch and the inability to use 
IMA because of length. The treadmill test and thallium 
201 myocardial scintigram performed 3 months after op- 
eration showed considerable improvement of myocardial 
ischemia at the area of LAD and RCA. The left ventricular 
ejection fraction was 0.62. The patient was recatheterized 
1 year after operation confirming both grafts’ excellent 
patency. 


Comment 


Since the first report of aortocoronary bypass grafting in a 
child with Kawasaki disease [1], SVG has been used as a 
bypass conduit in many cases [4, 5]. It was of great 
concern from the beginning, however, whether the graft 
remains patent over the long term in spite of child 
growth, bypass to inflammatory coronary arteries, and 


Fig 3. Early postoperative angiogram: the left inter- 
nal mammary artery graft (LIMA) fo anterior de- 
scending coronary artery (LAD) was patent. 
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the specific metabolism of children. Takeuchi and associ- 
ates [2] reported short-term and relatively long-term graft 
patency, which were 88% at 1 month (n = 11) and 55% at 
5 to 9 years after operation (n = 7) in 11 patients. Owing 
to the disappointing attrition rate of SVG, IMA has been 
used in Kawasaki disease whenever feasible since 1984 [3]. 
Many patients have been operated on using left IMA grafts 
to LAD and SVG grafts to other coronary branches [2, 5]. 

Subsequently, the use of bilateral IMA has been re- 
ported with good results [6]. However, IMA has its own 
` limitations in number and length. In Kawasaki disease, 
right coronary aneurysms often show multiple and sau- 
sagelike appearance reaching beyond the acute margin 
and are therefore difficult to bypass with IMA. We applied 
GEA to bypass the distal RCA (4PD) in a child with 
Kawasaki disease. The modality of using GEA in adult 
coronary operations has gained much popularity in recent 
years [7, 8]. In our first patient, the length of GEA was 
long enough to reach any part of the coronary arteries, 
and good quality of the anastomosis was confirmed. 
Similar to IMA, the adaptation of GEA is of major concern 
in follow-up examinations in the course of the patient's 
growth. Several saphenous vein grafts in small children 
with Kawasaki disease have been reported to adjust their 
length and lumen to the patient’s growth for 5 to 9 years. 
It is assumed that GEA will grow and will have a higher 
potential to adjust to the patient’s development similar to 
IMA. To confirm this, it is necessary to have serial 
follow-up angiograms. 

In summary, we used GEA as a bypass conduit to 
revascularize ischemic myocardium due to Kawasaki dis- 
ease. The procedures were not complicated even in a 
small 6-year-old boy. The postoperative angiogram, tread- 
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mill test, and myocardial scintigram confirmed satisfac- 
tory results. Use of GEA as an additional arterial graft to 
IMA is expected to contribute to long-term graft patency 
and to good prognoses of the patients with Kawasaki 
disease. 
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Internal Mammary Artery Graft to Pulmonary 


Vasculature Fistula: A Cause of Recurrent Angina 
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Recurrent angina pectoris developed in a 59-year-old 
man 3 years after coronary artery bypass grafting using 
the left internal mammary artery. Cardiac catheterization 
showed a fistula between the left internal mammary 
artery and the pulmonary vasculature. This is an unusual 
documented case of postoperative internal mammary 


Aas fistulas of the internal mammary artery 
are rare. They can be classified as congenital or 
acquired. Thoracic trauma and iatrogenic injury to the 
internal mammary artery are the most common causes of 
acquired fistula. We report an unusual case of acquired 
internal mammary artery pedicle graft fistula to the pul- 
monary vasculature after coronary artery bypass grafting. 


A 59-year-old man with a history of hypertension and 
angina pectoris who underwent coronary artery bypass 
grafting 3 years earlier was admitted for evaluation of 
recurrent substernal exertional chest pain. The coronary 
artery bypass operation included a left internal mammary 
artery graft to the left anterior descending coronary artery 
and a reversed saphenous vein graft to the posterior 
descending coronary artery. All coronary artery stenoses 
were greater than 70%. There was no evidence of periop- 
erative myocardial infarction but the postoperative course 
was complicated by postpericardiotomy syndrome requir- 
ing nonsteroidal antiinflammatory medications for control 
of chest pain. Recurrent exertional angina 2 years after 
operation prompted a second cardiac catheterization that 
showed a patent graft to the posterior descending coro- 
nary artery and a patent internal mammary artery graft to 
the left anterior descending coronary artery. 

No fistula was demonstrated at that time; however, 
selective injection of the internal mammary artery was not 
performed. The native coronary vasculature demon- 
strated minimal progression of stenoses. Medical manage- 
ment was initiated and resulted in relief of the patient's 
chest pain. Angina symptoms were controlled until 3 
months before this admission whereupon symptoms re- 
curred with moderate activity. These exertional symp- 
toms increased in frequency and severity shortly before 
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artery graft to pulmonary vasculature fistula after coro- 
nary artery bypass grafting. Division of this fistulous 
communication resulted in resolution of the patient's 
angina. 


(Ann Thorac Surg 1990;50:297-&) 


readmission, and the patient was thus admitted for fur- 
ther cardiac evaluation. Exercise stress testing was sug- 
gestive of anterolateral ischemia at a low work level (3 
mets by Bruce protocol). On admission, the patient was 
also noted to have a new systolic murmur (2/6) along the 
left sternal border that had not previously been noted. A 
second cardiac catheterization was performed. Direct in- 
ternal mammary artery injection at this study showed an 
arteriovenous fistula between the left internal mammary 
artery graft and the pulmonary vasculature of the left 
upper lobe (Fig 1). The anastomosis between the internal 
mammary artery graft and left anterior descending coro- 
nary artery was patent without stenosis. The native cor- 
onary anatomy was unchanged from the previous cardiac 
catheterization. 

Surgical control of this fistula was believed necessary. 
The fistula was approached through a left anterolateral 
thoracotomy. Dissection showed dense adhesions be- 
tween the left upper lobe and the upper mediastinum. To 
avoid injury to the internal mammary artery graft, the 
fistula was managed by staple division of the adherent 
lung from the remaining uninvolved left upper lobe. The 
patient’s angina completely resolved after control of this 
fistula. Postoperative selective angiography demonstrated 
brisk flow through the internal mammary artery graft to 
the left anterior descending artery without residual fistu- 
lous communication to the lung (Fig 2). The patient 
experienced no chest pain or electrocardiographic 
changes of ischemia with moderate exercise postopera- 
tively. 


Comment 


Arteriovenous fistulas of the internal mammary artery are 
uncommon. Senno and colleagues [1], in their review of 
the subject, classified the fistulas as congenital and trau- 
matic or iatrogenic, with most cases falling into the latter 
two categories. A fourth category of acquired internal 
mammary artery fistulas resulting from lymphoid neopla- 
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Fig 1. Arteriogram showing fistulous connections between the inter- 
nal mammary artery and the pulmonary vasculature of the left upper 
lobe, 


sia and chronic granulomatous disease has also been 
described [2, 3]. 

Internal mammary artery fistulas after open heart oper- 
ations are extremely rare with only 4 previously reported 
cases. These cases involved fistulas between the internal 
mammary artery and vein and between the internal 
mammary artery and the thymic and second intercostal 
veins [4, 5]. All cases were believed to be related to 
simultaneous internal mammary artery and venous 
trauma occurring at sternal wire placement. The internal 





Fig 2. Postoperative arteriogram after division of the arteriovenous 
fistula demonstrating brisk flew to the coronary circulation. 
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mammary artery pedicle was not used as a coronary 
bypass conduit in these cases. 

Internal mammary artery fistulas involving the pulmo- 
nary vasculature are most often congenital in origin. Two 
previous latrogenic cases involved anterior chest tube 
placement and closed chest cardiac massage [6, 7]. In the 
present case an internal mammary artery to pulmonary 
parenchymal fistula occurred after coronary artery bypass 
grafting using the internal mammary artery pedicle graft. 

As with the more commonly seen peripheral arteriove- 
nous fistula, surgical treatment is indicated to prevent 
complications of secondary mycotic aneurysm, congestive 
heart failure, infectious endocarditis, aneurysmal expan- 
sion and rupture, or distal ischemia [8]. Our patient's 
primary complaint was recurrent angina pectoris resulting 
from a steal of internal mammary flow away from the 
dependent left anterior descending arterial circulation. 
These symptoms were progressive in nature, and with 
time they may have led to an anterior myocardial infarc- 
tion or congestive heart failure. The pathophysiological 
importance of this fistula is supported by the relief of 
ischemic chest pain after its division. 

Internal mammary arteriovenous fistula is a rare com- 
plication of coronary artery bypass grafting using the 
internal mammary artery. Such arteriovenous fistulas 
should be included in the list of possible causes of 
recurrent angina pectoris after coronary artery bypass 
grafting using the internal mammary pedicle graft. This is 
especially the case when a new systolic murmur occurs 
over the precordium in the postoperative period. Finally, 
this case emphasizes the importance of selective angiog- 
raphy of the internal mammary artery in the workup of 
recurrent chest pain after bypass grafting using this con- 
duit. 
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Esophageal Perforation in a Patient With Acquired 


Immunodeficiency Syndrome 
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Infection with Mycobacterium tuberculosis is frequently 
found in patients with acquired immunodeficiency syn- 
drome and can result in diffuse lymphadenopathy from 
disseminated disease. A case is presented of esophageal 
erosion and perforation secondary to mediastinal lymph 
node enlargement from Mycobacterium tuberculosis in a 
patient positive for human immunodeficiency virus. 


pes infected with the human immunodeficiency 
virus (HIV) are prone to have infectious complica- 
tions and neoplastic diseases owing to impaired immune 
function. Infectious complications are most often due to 
reactivation of latent disease, and the overwhelming 
majority of patients die of repeated infections [1]. Associ- 
ated complications requiring surgical intervention are not 
uncommon. A case is presented of an HIV-positive pa- 
tient with mediastinal lymphadenopathy that ultimately 
led to esophageal erosion and perforation. 


A 21-year-old homosexual man was seen with a 3-month 
history of malaise, cough, night sweats, and weight loss. 
The result of his test for HIV 2 years earlier was positive 
but he had no other qualifying criteria for acquired immu- 
nodeficiency syndrome (AIDS). Prior medical history in- 
cluded tuberculosis at age 13 years, for which he was 
treated. On admission, he was febrile to 38.9°C and had 
an unremarkable physical examination. Chest roentgeno- 
gram showed right hilar and mediastinal adenopathy but 
no infiltrates. 

His presumptive diagnosis was Pneumocystis carinii 
pneumonia versus Mycobacterium tuberculosis pneumonia. 
Treatment for presumed Pneumocystis carinii pneumonia 
was started with intravenous Septra (trimethoprim and 
sulfamethoxazole; Burroughs Wellcome Co, Research Tri- 
angle Park, NC). After 3 days, he continued to have fevers 
to 39,.4°C so an antituberculous regimen was started with 
isoniazide, rifampin, and pyrazinamide. 

On the 17th day of hospitalization, his temperature 
reached 39.5°C and he had complaints of right-sided chest 
pain and painful swallowing. There was no further eval- 
uation until 3 days later when an esophagogram was 
obtained showing a perforation (Fig 1) of the proximal 
intrathoracic esophagus. A surgical consultation was 
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Emergent surgical intervention required resection of the 
perforated esophagus, end-cervical esophagostomy, gas- 
trostomy, and feeding jejunostomy. Long-term progno- 
sis is poor owing to acquired immunodeficiency syn- 
drome, therefore, reconstruction at a later date is 
uncertain. 

(Ann Thorac Surg 1990;50:299-300) 


called, and the patient was promptly taken to the operat- 
ing room. 

On arrival, the patient had shaking chills, a tempera- 
ture of 40°C, and a white blood cell count of 1.9 x 10°/L 
(1,900/pL). A right thoracotomy showed a mediastinal 
mass of enlarged nodes that were inflamed and edema- 
tous. The nodes were resected to gain exposure to the 
esophagus, and this showed a large perforated segment 
on the posterior lateral wall that measured 5 cm in length 
and more than 50% of the esophageal diameter. Treat- 
ment required resection of the perforated segment, end- 
cervical esophagostomy, gastrostomy, and feeding je- 
junostomy. The patient’s sepsis resolved, and he was 
begun on tube feedings on postoperative day 4. Intercos- 
tal drainage catheters were removed by day 10, and the 
remainder of the postoperative course was uncompli- 
cated. 

Final pathological diagnosis of the nodes demonstrated 
necrotizing granulomas, and the nodal culture stain was 
positive for acid-fast bacilli. Mycobacterium tuberculosis 
eventually grew in the cultures. There was no intrinsic 
pathological condition in the esophagus. 


Comment 


Optimal management of esophageal perforation requires 
prompt diagnosis and treatment. Several factors influence 
the eventual outcome in these patients including the 
cause of perforation, the site (cervical, mid-esophageal, or 
distal esophageal), and the presence of underlying esoph- 
ageal disease. However, most important is the time inter- 
val between the actual perforation and the institution of 
therapy. Survival declines markedly if there is a delay of 
more than 24 hours owing to the onset of sepsis and its 
complications. Two retrospective reviews by Nesbitt and 
Sawyers [2] and Bladergroen and colleagues [3] have 
examined a large series of patients with esophageal per- 
foration within their respective institutions, and both 
reviews found a marked difference in mortality between 
patients treated early (less than 24 hours) and those with 
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Fig 1. Esophagogram showing large perforation in the proximal intra- 
thoracic esophagus. 


delayed intervention (more than 24 hours). In each case, 
the mortality rate was more than double when therapy 
was delayed (11% versus 26% and 14% versus 33%, 
respectively). In addition, the highest mortality was seen 
in patients with spontaneous perforation, most likely 
owing to delay in diagnosis. 

The patient in this case was known to be HIV-positive 
at the time of operation but did not carry the clinical 
diagnosis of AIDS. He did have a prior history of tuber- 
culosis as a child, and in his immunocompromised state, 
the diffuse lymphadenopathy was a systemic manifesta- 
tion of reactivated latent disease. Extrapulmonary and 
disseminated tuberculosis are often found in AIDS pa- 
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tients [4], and the positive stain of the mediastinal nodes 
for acid-fast bacilli clearly places this patient in the AIDS 
category by the diagnostic criteria of the Centers for 
Disease Control [5]. Although mediastinal adenopathy is 
commonly found under these circumstances, it is highly 
unusual that it would cause spontaneous esophageal 
perforation. This appears to be the case, as there was no 
intrinsic esophageal disease found on pathological sec- 
tioning. Most likely, the mass of nodes led to erosion and 
eventual perforation by pressure necrosis in combination 
with the inflammatory reaction in the tuberculous nodes. 
The clinical history indicates that the delay between 
perforation and operation was 3 days. This correlated to 
the amount of necrosis, edema, and inflammation found 
in the mediastinum. These findings, along with the size of 
the defect, necessitated radical therapy including resec- 
tion of the perforated segment. Any lesser procedure 
(ie, primary repair with buttressing or diversion) could 
cause continued mediastinal soilage that would be poorly 
tolerated in an immunocompromised patient. This ag- 
gressive approach concurs with the recommendations of 
DeMeester [6] for delayed treatment of esophageal perfo- 
ration. An acceptable alternative would be a transhiatal 
esophagectomy with esophagogastrostomy. 

This patient has fully recovered from his sepsis, is 
nutritionally maintained through a jejunostomy catheter, 
and is awaiting discharge pending placement in a home 
for AIDS patients. Unfortunately, owing to the extremely 
poor prognosis associated with AIDS, later reconstruction 
seems unlikely. 
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An elderly woman was seen with a left mediastinal mass 
in the region of the aortic arch on chest roentgenography. 
Further imaging with computed tomography, angiogra- 
phy, and magnetic resonance demonstrated a highly 
vascular neoplasm adjacent to the aortic arch. Patholog- 
ical analysis of the resected specimen showed a leiomy- 
oma. A brief review of the 10 previous reported cases of 
primary mediastinal leiomyoma is provided. 

(Ann Thorac Surg 1990;50:301-2) 


75-year-old woman, previously healthy and a non- 

smoker, was admitted with a 2-year history of dry 
cough but was otherwise asymptomatic. Results of phys- 
ical examination and laboratory tests were normal. Figure 
1 shows the posteroanterior chest roentgenogram ob- 
tained at this time. This film was initially interpreted as 
demonstrating an aneurysm of the aortic arch. A com- 
puted tomographic study of the chest showed a rounded 
mass adjacent to the aortic arch measuring 5 x 7.5 cm in 
diameter and containing scattered tiny areas of calcifica- 
tion. Figure 2 shows a computed tomographic image 
through the mass after administration of intravenous 
contrast medium. Thoracic aortography showed no evi- 
dence of aortic aneurysm. Magnetic resonance imaging 
showed the mass to encircle partially the transverse 
portion of the aortic arch and to produce slight extrinsic 
compression of the left main bronchus. 

The mass was approached through a left posterolateral 
thoracotomy. It was found to have no connection to the 
great vessels and esophagus and was easily dissected free 
of them. The mass derived blood supply from multiple 
enlarged mediastinal vessels. The patient’s postoperative 
course was uncomplicated, and she was discharged home 
on the fourth postoperative day. At a follow-up clinic visit 
6 months later, her cough had resolved and a second 
chest roentgenogram showed no evidence of tumor reeur- 
rence. 

Gross pathological examination of the tumor demon- 
strated a5 x 7 x 4-cm, encapsulated, rubbery mass with 
areas of cystic degeneration and central calcification. 
Microscopic examination showed a tumor composed of 
uniform spindle cells with electron microscopic and 
immunoperoxidase staining characteristics of smooth 
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muscle. Numerous vascular channels were present 
throughout the tumor. 


Comment 


Within the mediastinum, leiomyomas usually arise from 
adjacent structures having smooth-muscle walls, such as 
the esophagus or great vessels [1, 2]. We report a leiomy- 
oma of the mediastinum arising as a primary mesenchy- 
mal tumor in the region of the aortic arch. Only 10 
patients with primary mediastinal leiomyomata have pre- 
viously been reported. 

Benign mesenchymal tumors of the mediastinum are 
rare, representing only 1% to 6% of all mediastinal masses 
in several large series [3-5]. Of such tumors, leiomyomas 
are among the least frequent, representing only one of the 
22 tumors found in the largest published series of medi- 
astinal mesenchymal tumors [6]. Actual percentages for 
primary mediastinal leiomyomas are probably even 
lower, as many older reported cases may represent pe- 
dunculated esophageal tumors or neural tumors rather 





























Fig 1. Posteroanterior chest roentgenogram showing a rounded, 
smoothly marginated mass in the region of the aortic arch (arrow). 
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Fig 2. Contrast-enhanced computed tomographic image showing nu- 
merous enhanced vascular channels within the mass (arrows). 


than true smooth muscle tumors. Among the 6 Japanese 
cases of primary mediastinal leiomyoma, the posterior 
mediastinum was the most common location. The tumor 
was often quite large at the time of diagnosis owing to 
slow growth and relative lack of symptoms [3, 6, 7]. The 
age range of patients with primary mediastinal leiomy- 
oma was 22 to 67 years. The tumor was five times as 
common in female patients as in male patients. Follow-up 
after 10 years in 1 patient showed no recurrence [7]. 


Ann Thorac Surg 
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In our patient, the location of the tumor adjacent to the 
aortic arch caused an initial misdiagnosis of aortic aneu- 
rysm on chest roentgenography. Further imaging studies 
were essential for optimal surgical planning. Contrast- 
enhanced computed tomography, angiography, and mag- 
netic resonance imaging all indicated that the mass rep- 
resented a highly vascular neoplasm rather than an 
aneurysm. 
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Reversal of Protamine-Induced Catastrophic 


Pulmonary Vasoconstriction by Prostaglandin E, 
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A case of catastrophic pulmonary vasoconstriction occur- 
ring after cardiopulmonary bypass after protamine rever- 
sal of heparin treated successfully with intravenous 
prostaglandin E, is reported. Systemic hypotension was 
counteracted by epinephrine given through the left 
atrium. Protamine-heparin reactions are reviewed and a 
pathophysiological mechanism for the beneficial effect 
seen with prostaglandin E, is proposed. 

l (Ann Thorac Surg 1990;50:303-5) 


Bites pulmonary vasoconstriction after cardio- 
pulmonary bypass can occur after protamine rever- 
sal of heparin and may lead to serious morbidity [1]. 
Although the mechanism of this protamine-heparin- 
induced response is unclear, complement activation and 
thromboxane release may play a role, particularly in the 
development of pulmonary vasoconstriction. We describe 
a case of protamine-associated pulmonary vasoconstric- 
tion leading to obstruction of pulmonary blood flow and 
unresponsive to vasodilators until prostaglandin E, was 
given through the pulmonary artery. 


A 63-year-old man was scheduled for aortic valve replace- 
ment. Preoperative evaluation showed moderate aortic 
stenosis and aortic insufficiency, pulmonary artery pres- 
sure of 25/10 mm Hg, and pulmonary capillary wedge 
pressure of 6 mm Hg with a cardiac index of 2.9 L/min. He 
had no history of lung disease, prior protamine or insulin 
exposure, fish allergy, or a previous vas ligation. He was 
not taking acetylsalicylic acid or other cyclooxygenase 
inhibitors. 

The patient underwent aortic valve replacement with a 
23-mm St. Jude valve. Bovine heparin (32,000 U, 400 U/kg) 
was used for anticoagulation. Myocardial protection was 
achieved by sequential delivery of oxygenated blood 
cardioplegia every 20 minutes through the coronary ostia. 
The patient was weaned from cardiopulmonary bypass in 
normal sinus rhythm on 0.05 yg/kg/min of epinephrine 
and 0.5 yg/kg/min of nitroglycerin. The central venous 
pressure was 20 mm Hg, the pulmonary artery pressure 
was 19/10 mm Hg, and the cardiac index was 1.8 L/min. 
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Protamine (300 mg) was given peripherally over 10 min- 
utes. Subsequently, the central venous pressure rose to 30 
mm Hg despite only a minimal rise in the pulmonary 
artery pressure to 26/14 mm Hg, and global right ventric- 
ular dysfunction was noted. An arterial blood gas on 
100% oxygen showed a pH of 7.41, a carbon dioxide 
tension of 41 mm Hg, and an oxygen tension of 176 mm 
Hg. Tidal volume was 700 mL with a peak inspiratory 
pressure of 20 cm H,O. 

The patient was reheparinized and placed back on 
bypass. A right coronary ostial dissection was found and 
bypassed with a reverse saphenous vein graft. However, 
the patient now could not be weaned from bypass despite 
a well-contracting right ventricle, a pulmonary artery 
pressure of 30/23 mm Hg, and an intraaortic balloon 
pump. A left atrial line showed the left atrial pressure to 
be 0 mm Hg despite a simultaneous pulmonary artery 
diastolic pressure of 23 mm Hg. Direct left ventricular 
puncture confirmed the left ventricular pressure to be 50/0 
mm Hg. Neither epinephrine nor nitroglycerin systemi- 
cally or via the pulmonary artery was able to reverse the 
pulmonary vasoconstriction (Fig 1). An arterial blood gas 
on 100% oxygen failed to implicate hypoxic pulmonary 
vasoconstriction with a PH of 7.49, a carbon dioxide tensicn 
of 33 mm Hg, and an oxygen tension of 221 mm Hg. The 
tidal volume remained at 700 mL and the peak inspiratory 
pressure had risen to 30 cm H,O. 

Prostaglandin E, (PGE,; 30 wg) was injected into the 
main pulmonary artery with an immediate elevation of 
the left arterial pressure to 6 mm Hg. A second injection of 
PGE, (30 ug) was administered, and a continuous PGE, 
infusion (0.05 .g/kg/min) was started through the pulmo- 
nary artery. Systemic hypotension accompanied the ad- 
ministration of PGE, and was treated with epinephrine 
administered through the left atrial line. The patient came 
off bypass easily with a pulmonary artery pressure of 
35/15 mm Hg and left atrial pressure of 10 mm Hg. Again, 
arterial blood gases on 100% oxygen showed a oxygen 
tension of 347 mm Hg with a pH of 7.43 and a carbon 
dioxide tension of 41 mm Hg. Prostaglandin E, therapy 
was associated with an improvement in compliance, the 
peak inspiratory pressure having decreased to 20 cm H,O. 
Recognizing the possibility of exacerbating the pulmonary 
vasoconstriction, we again used 200 mg of protamine for 
heparin reversal, but it was given over 1 hour. Blcod 
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Fig 1. Composite of an intraoperative tracing obtained on a strip 
chart recorder representing the attempt to wean the patient from car- 
diopulmonary bypass after the right coronary artery had been by- 
passed. The graph demonstrates systemic blood pressure (BP), pulmo- 
nary artery pressure (PAP), and left atrial pressure (LAP) during 
attempts 1, 2, and 3 to come off bypass. Note that in the face of high- 
filling pressures (1 and 2) with and without nitroglycerine (NTG), 
LAP remained less than 2 mm Hg. However, with the two bolus in- 
jections of prostaglandin E, (PGE,) (3) and with initiation of a con- 
tinuous drip, PAP fell markedly, left ventricular preload occurred, 
and bypass was able to be terminated. (EPI = epinephrine.) 


specimens obtained intraoperatively were negative for 
antiprotamine immunoglobulin G or immunoglobulin E. 

Postoperatively, the intraortic balloon pump was able to 
be weaned the following day along with cessation of the 
epinephrine and PGE,. The patient thereafter had an 
uneventful recovery. 


Comment 


We describe a case of protamine-induced severe pulmo- 
nary vasoconstriction causing inadequate left ventricular 
filling with an inability to wean from bypass. The pulmo- 
nary vasoconstriction persisted more than 2 hours after 
protamine administration. Prostaglandin E, reversed the 
pulmonary vasoconstriction and allowed successful 
weaning from bypass. 


Ann Thorac Surg 
1990;50:303-5 


Postbypass reactions to protamine have been character- 
ized into three categories [2]. Type I reactions are charac- 
terized by transient systemic hypotension [3]. Type H 
reactions appear to be an anaphylactoid response to 
protamine with release of vasoactive mediators from mast 
cells as a result of antigen-antibody interaction. Antiprot- 
amine immunoglobulin E and immunoglobulin G have 
been associated with this type of response [4]. Cata- 
strophic pulmonary vasoconstriction is categorized as a 
type III reaction. This occurs infrequently. It has been 
reported after cardiopulmonary bypass in 5 patients who 
had pulmonary artery hypertension, right ventricular 
failure, and systemic hypotension [1]. Though the mech- 
anism for this reaction has not been well defined, it may 
be mediated by nonimmunologic complement activation 
from the heparin-protamine complex [5]. The pulmonary 
vasoconstriction may be due, in part, to the arachidonic 
acid metabolites thromboxane A, and prostaglandin F,, 
both potent pulmonary vasoconstrictors [6, 7]. In animals, 
this response can be decreased by cyclooxygenase inhib- 
itors and by the oxygen radical scavenger dimethylthio- 
urea [8]. 

The case reported here appears to be a type III reaction 
to protamine as the absence of antiprotamine antibodies 
and the hemodynamic pattern suggest that it was not a 
type II reaction. In fact, it may have been unrecognized as 
an exacerbating factor in the right ventricular failure 
requiring reheparinization and resumption of cardiopul- 
monary bypass to revascularize the right coronary artery. 
Our attempts to wean the patient from bypass unveiled 
massive pulmonary vasoconstriction with virtually no 
transpulmonary blood flow. Unlike previous reports [1], 
the vasoconstriction in this patient was persistent and 
unresponsive to B-agonist and nitrate vasodilators, per- 
haps as a result of the second cardiopulmonary bypass 
exposure. 

Although it has been used as therapy for pulmonary 
vasoconstriction in other conditions [10], PGE, also an- 
swers the need of therapy for catastrophic pulmonary 
vasoconstriction associated with a type III reaction to 
heparin reversal by protamine. The vasoconstriction in 
this case was unresponsive to standard vasodilators. 
Prostaglandin E, may be especially useful in this clinical 
setting, in which vasoconstriction may be thromboxane 
mediated [11]. 
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Notice From the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery began its re- 
certification process in 1984. Diplomates interested in 
participating in this examination should maintain a doc- 
umented list of the operations they performed during the 
year prior to application for recertification. This practice 
review should consist of 1 year’s consecutive major oper- 
ative experiences. (If more than 100 cases occur in 1 year, 
only 100 need to be listed.) They should also keep a record 
of their attendance at approved postgraduate medical 
education activities for the 2 years prior to application. A 
minimum of 100 hours of approved CME activity is 
required. 

In place of a cognitive examination, candidates for 
recertification will be required to complete both the gen- 
eral thoracic and cardiac portions of the SESATS IV 
syllabus (Self-Education/Self-Assessment in Thoracic Sur- 
gery). It is not necessary for candidates to purchase 


SESATS IV booklets prior to applying for recertification. 
SESATS IV booklets will be forwarded to candidates after 
their applications have been accepted. 

Diplomates whose 10-year certificates will expire in 
1993 may begin the recertification process in 1991. This 
new certificate will be dated 10 years from the time of 
expiration of the original certificate. Recertification is 
also open to any diplomate with an unlimited certificate 
and will in no way affect the validity of the original 
certificate. 

The deadline for submission of applications is July 1, 
1991. A recertification brochure outlining the rules and 
requirements for recertification in thoracic surgery is 
available upon request from the American Board of Tho- 
racic Surgery, One Rotary Center, Suite 803, Evanston, IL 
60201. 


Complete Foregut Duplication 
C. M. Dresler, MD, G. A. Patterson, MD, FRCS(C), B. R. Taylor, MD, FRCS(C), 


and D. J. Moote, MD 


Division of Thoracic Surgery, University of Toronto, Toronto, Ontario, Canada 


Alimentary tract duplications are rare congenital anom- 
alies with the majority identified in the pediatric age 
group. However, duplications may be seen in the adult 
population and require operative excision. A 53-year-old 
man was seen with vague, nonspecific symptoms and 


To duplications of the structures within the alimen- 
tary tract are rare and usually are seen in the pediat- 
ric age group. When the duplications in adults are re- 
ferred to clinical attention, the symptoms are usually 
vague; however, 85% [1] will require operative interven- 
tion to relieve their symptoms. Esophageal duplications 
predominantly occur in the lower third of the esophagus 
(60%) with symptoms of dysphagia or epigastric discom- 
fort [2]. Gastric duplications will frequently contain pari- 
etal cells, and with secretion of hydrochloric acid may first 
be seen as peptic ulceration. In the two largest reviews of 
alimentary tract duplication in adults {1] and children [3], 
only 3% to 4% were thoracoabdominal duplications. We 
report a patient with complete esophageal duplication in 
continuity with a gastric duplication traversing the dia- 
phragm through a separate hiatus. 


The patient is a 53-year-old man who had chronic iron 
deficiency anemia and a vague past history of lethargy, 
weakness, frequent “pneumonias,” and occasional right 
upper quadrant pain. The patient had been followed up in 
the past with abdominal ultrasounds, barium swallow 


Fig 1. Chest roentgenogram, postero- 
anterior and lateral views, demon- 
strates an air fluid level (arrow- 
heads) in the duplication located in 
the posterior mediastinum. 
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was found to have a complete esophageal and gastric 
duplication with communication to the normal alimen- 
tary tract. Appropriate-for-structure epithelium was 
noted throughout the length of the duplication. 

(Ann Thorac Surg 1990;50:306-8) 


and enema, and endoscopy, all of which were nondiag- 
nostic. Recently, the patient again was observed with 
marked lethargy and with a hemoglobin level of 76 g/L 
(7.6 g/dL). Physical examination was completely unre- 
markable except for intermittent hemoccult-positive 
stools. All laboratory examinations were normal except 
for low iron and ferritin levels consistent with chronic 
blood loss. A chest roentgenogram demonstrated a pos- 
terior mediastinal air fluid level (Fig 1). An extensive 
workup of the posterior mediastinal air fluid level and 
anemia was begun. 

Computed tomography of the chest and abdomen dem- 
onstrated a large fluid-filled tubular structure alongside 
the esophagus beginning high in the left posterior medi- 
astinum, extending into the right posterior mediastinum, 
and entering the abdomen through a diaphragmatic hia- 
tus separate from the true esophageal hiatus (Fig 2). In 
addition, a round cystic structure was identified under the 
left lobe of the liver along the lesser curve of the stomach. 
The remainder of the computed tomographic scan includ- 
ing the spine was normal. External and endoscopic ultra- 
sound confirmed the presence of the thoracic tubular 
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Fig 2. Computed tomographic images outlining the extent of the duplication in the chest and the abdomen. In the upper thorax (A), the air-con- 
taining duplication (black arrows) arises to the left of the esophagus (white arrow). In the midthorax (B), the duplication (white arrows) is 
larger (5 cm), contains an air fluid level, and ts located to the right of the esophagus (black arrow). The duplication narrows at the level of the 
diaphragmatic crura (white arrows, C) and enters the abdomen through a separate hiatus, Posterior to the lobe of the liver (D) the abdominal 


portion of the duplication becomes larger (5 cnt) and is completely fluid filled with a soft tissue rim (white arrows). 


structure that appeared to be in continuity with the 
intraabdominal cystic structure. Barium study of the 
esophagus and stomach were normal. A pouch extended 
off the medial wall of the second portion of the duodenum 
(Fig 3) but did not fill the epigastric cystic structure. 
Endoscopic assessment of the esophagus and stomach 
was normal. In the duodenum, the ampulla was felt to be 
slightly more posterior than usual and an out-pouching of 
mucosa was seen, When the mucosa was invaginated and 
filled with contrast medium, a defect similar to that on the 
upper gastrointestinal study was seen. A normal pancre- 
atic duct was visualized. 

Contrast medium studies of the small and large bowels 
and colonoscopy were normal. Celiac, superior mesen- 
teric, and inferior mesenteric arteriograms were normal 
showing no neovascularity, varicosities, or arteriovenous 
malformations. A Meckel scan was negative for ectopic 
gastric mucosa either in the chest or the abdomen. 

It was assumed that the patient had a complete foregut 
duplication with intermittent hemorrhage into the dupli- 
cation. Right posterolateral thoracotomy was performed. 





The esophageal portion from thoracic inlet to diaphrag- 
matic hiatus was excised first. Cephalad, the duplication 
was ligated as it narrowed to a 0.5 cm diameter at the 
thoracic inlet. Distally, the lesion was dissected from its 
separate hiatus and transected at that level. The diaphrag- 
matic defect and thoracotomy were then closed. An upper 
midline laparotomy was performed, and the abdominal 
portion was excised after its identification in the retroperi- 
toneum. The duplication was opened and found to be 
lined with hemorrhagic, ulcerated mucosa. A 3-mm bil- 
iary probe was passed through a small distal tract through 
the head of the pancreas and into the second portion of 
duodenum. The duplication was dissected down to the 
level of this tract and divided distally with a gastrointes- 
tinal anastomosis stapler. No abnormal vascular supply 
was encountered. 

The esophageal component contained normal squa- 
mous epithelium and muscular wails. The abdominal 
component had normal gastric mucosa with areas of 
ulceration and hemorrhage. 

Postoperatively, the patient did well and was dis- 
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Fig 3. Barium fills the distal aspect of the duplication in a retrograde 
fashion (black arrow). Mucosal folds (white arrows) are identified 
where the duplication inserts into the second portion of the duodenum. 


charged on postoperative day 10. His hemoglobin level 
has remained normal 1 year after resection. 


Comment 


This report presents a case of a complete foregut duplica- 
tion with the normal, mature mucosa belonging to the 
appropriate structure. 

Alimentary tract duplications are unusual even in the 
pediatric population. Only 10% to 15% of alimentary tract 
duplications involve the esophagus, with approximately 
60% being in the distal portion [2]. The majority of 
alimentary tract duplications are first seen in the pediatric 
age group with symptoms of dyspnea, dysphagia, recur- 
rent pneumonia, and failure to thrive. Approximately one 
third of esophageal duplications are identified in adults, 
and they are frequently asymptomatic. 

Duplication of the esophagus is a congenital anomaly 
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that may begin to develop as early as the fourth week of 
gestation. As the foregut epithelium develops, it elon- 
gates, develops a lumen, and undergoes dextro-rotation. 
Thus, the majority of esophageal duplications occur dis- 
tally and on the right. 

In a recent review of the literature [2], only six tubular 
duplications of 44 esophageal duplications were identi- 
fied. They varied in length from 2 to 36 cm in length, and 
no mention was made of continuity with a duplicated 
stomach. 

In another large review of alimentary tract duplications 
[3], 22% were intrathoracic, and all were cystic rather than 
tubular. Eight percent had cystic gastric duplications 
along the greater curvature and did not communicate 
with the stomach. Three percent had thoracoabdominal 
duplication associated with thoracic vertebral anomalies. 
There were no recorded esophageal-gastric duplications. 

Other rare thoracoabdominal duplications have been 
identified [3] as arising from various portions of small or 
large bowel and extending into the thorax through a 
separate diaphragmatic hiatus. All alimentary duplica- 
tions extending into the thorax contain alimentary tract 
mucosa with the most common being gastric mucosa. The 
majority of these duplications are closed, and less than 
10% communicate with the normal alimentary tract. None 
have been identified to include a normal stomach with 
gastric mucosa in continuity with an esophagus that had 
normal squamous epithelium. 

In the pediatric literature, ulceration of a thoracic 
esophageal duplication lined with gastric mucosa may 
occur with resultant hemorrhage. Although our patient is 
not within the pediatric age group, his symptoms had 
been present, by his estimation, since he was 18 years old. 
Recommended therapy for symptomatic lesions has been 
surgical excision. Initial attempts at marsupialization re- 
sulted in many complications making complete excision of 
the duplication a more favored option (3, 4]. Operative 
morbidity and mortality are low, and recurrent symptoms 
have not been reported. Complete operative excision of 
alimentary duplications is the management of choice. 
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Acute Symptoms Due to a Huge Duplication Cyst 
Ruptured Into the Esophagus 
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A 36-year-old housewife complained of a tight feeling in 
the pharynx with increasing dysphagia, dyspnea, and 
mild fever. Chest roentgenogram was interpreted as a 
cystic mass in the middle mediastinum. Computed to- 
mography showed a cystic mass compressing the carina 
and the esophagus. Ten days after onset, symptoms were 
suddenly relieved followed by a tarry stool. The chest 
mass shadow decreased. Esophagofiberscopy showed two 


Më patients with esophageal duplication have no 
symptoms. However, when the cyst is huge or 
when there is bleeding or inflammation, dysphagia or 
chest pain may occur. Recently, we encountered a patient 
with acute and dramatic symptoms due to a huge dupli- 
cation cyst that ruptured into the esophagus during the 
period of observation. 


A 36-year-old housewife complained of a tight feeling in 
the pharynx on October 10, 1986. Dysphagia, dyspnea, 
and fever up to 38°C gradually developed during the 
following 7 days. Chest roentgenogram (Fig 1) taken 4 
days after onset showed an 8 x 8-cm mass shadow in the 
middle of the mediastinum. Severe deviation of the 
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fistulas communicating with a cyst that had two chambers. 
Thoracotomy performed 40 days after onset showed a true 
duplication of the esophagus with rupture into the esoph- 
agus. This is a rare case in which it was possible to observe 
the sequence of events of a ruptured intramural duplica- 
tion cyst by means of chest roentgenography, computed 
tomography, esophagofiberscopy, and cystogram. 

(Ann Thorac Surg 1990;50:309-11) 


esophagus was revealed by esophagogram. The com- 
puted tomogram at this time showed a bilateral pleural 
effusion and a huge cystic mass displacing the carina 
anterolaterally and the esophagus to the right side (Fig 2). 
Ten days after onset, symptoms were suddenly relieved 
followed by a tarry stool. 

At the time of hospital admission (10 days after onset), 
the chest roentgenogram showed that the mass shadow in 
the mediastinum had decreased to 4 x 4 cm (Fig 3). At this 
time, the computed tomogram did not show the deviation 
of the carina and of the esophagus. Esophagofiberscopy 
(Fig 4A) showed two fistulas (7 mm in diameter each) 
on the left side of the esophageal wall 33 cm from the in- 
cisor teeth. The cyst (Fig 4B) demonstrated two chambers 


Fig 1. Chest roentgenograms taken 
4 days after onset show a mass 
shadow 8 x 8 cm in diameter in 
the middle mediastinum. 
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Fig 2. Computed tomography shows a cystte mass displacing the car- 
ina anterolaterally (arrows) and the esophagus to the right side (tri- 
angle). 


separated from each other by a septum and containing 
viscous fluid. Cystogram (Fig 5) clearly demonstrated the 
cysts and the septum, and roentgenogram showed no 
vertebral anomaly. 

Operation was performed 40 days after onset. Findings 
were consistent with those assumed before operation: the 
cyst extended from the level of the carina to 7 cm below 
and was adherent to the esophagus with a 4-cm base. It 
was covered with the muscle layers typical of the esoph- 
agus. After resection of the cyst, the fistulas were closed 
with interrupted sutures of 4-0 Vicryl, and the muscle 
layers were closed with 2-2 silk sutures. Histologically, 
the cyst wall consisted of stratified squamous epithelium 
and ciliated cuboidal epithelium with two layers of 


Fig 3. Chest roentgenogram taken at 
admission, when the patient had no 
symptoms, shows the mass size de- 
creased to 4 x 4 cm (arrow). 
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smooth muscle and nervous plexus. There was no carti- 
lage; thus, an esophageal cyst (true duplicatiun) was 
diagnosed. The patient had an uneventful course and was 
discharged from the hospital on the 26th postoperative 
day. 


Comment 


Rubash and co-workers [1] reported that the incidence of 
esophageal duplication cysts was 1.0% of 186 mediastinal 
tumors. In our institute, only 2 of 580 resected mediastinal 
tumors were esophageal duplications. 

Embrvologically, cystic intrathoracic derivatives of the 
foregut are classified into 3 categories: bronchogenic cyst, 
intramural esophageal cyst (true duplication), and enteric 
cyst resulting from the split notochord syndrome [2]. In 
our patient, the cyst was covered with muscle layers 
typical of the esophagus. There was neither cartilage in 
the cyst wall nor vertebral anomaly. Thus, we regarded 
our case as a true duplication cyst. 

Acute symptoms such as dyspnea, dysphagia, and 
pneumonia are common in infants with huge duplications 
of the esophagus [3, 4]. On the other hand, asymptomatic 
duplication is usual in adult patients [5], although gastro- 
intestinal symptoms such as dysphagia, nausea, vornit- 
ing, weight loss, and anorexia have been reported [6, 7]. 
Gatzinsky and colleagues [8] reported an adult patient 
with duplication cyst whose symptoms of severe retro- 
sternal pain and dysphagia due to intracystic bleeding 
sudden.y disappeared when the cyst ruptured into the 
mediastinum. 

In our patient, sudden onset of symptoms might have 
been due to acute enlargement of the cyst from bleeding 
or inflammation; however, neither was demonstrated [7, 
8]. Roentgenographic and computed tomographic find- 
ings of a remarkable displacement of the carina and the 
esophagus by the cyst explain these symptoms. After 
melena was observed, the symptoms suddenly subsided, 
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which was interpreted as rupture of the cyst into the 
esophagus. 

Thus, in this rare case, it was possible to observe, by 
means of chest roentgenography, computed tomography, 
esophagofiberscopy, and cystogram, the sequence of a 
rupture of an intramural duplication cyst. 
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Fig 4, (A) Esophagofiberscopy shows 
two fistulas, 7 mm in diameter each, 
on the left side of the esophagus (ar- 
rows). (B) The cyst had two cham- 
bers with a septum (arrows). 





Fig 5. Cystogram shows a cyst with two chambers in the lower part 
of the esophagus G and 2). 


Bilateral Pulmonary Nodules Caused by 


Dirofilaria immitis 


R. Randolph Bradham, MD, P. Reid Locklair, Jr, MD, and Arthur Grimball, MD 


Department of Surgery, Roper Hospital, Charleston, South Carolina 


The unusual case of bilateral lung nodules caused by 
Dirofilaria immitis in a 44-year-old woman is presented. 
A brief discussion of the life cycle of this parasite, the 
clinical and epidemiological features of human infesta- 
tion, and the roentgenographic and laboratory findings is 
given. 

(Ann Thorac Surg 1990;50:312-3) 


pulmonary lesion caused by Dirofilaria immitis is no 

stranger to the low-lying areas of South Carolina. In 
1975, 5 cases were reported from the Charleston area by 
Prioleau and co-workers [1]. This was the largest series in 
the English-language literature at that time. Since then, 
there have been more reports of single lesions, and in 
1982, Ciferri [2] published a collective review of 60 cases. 
In that review, South Carolina ranked third behind Flor- 
ida and Texas in the number of cases reported. Our group 
has treated several additional cases during the past few 
years. The unusual occurrence of bilateral pulmonary 
lesions caused by D immitis warrants the addition of this 
case to those previously recorded. 

It is not surprising to find this case in coastal South 
Carolina. The diagnosis was suspected preoperatively. All 
of the criteria exist here for human infestation with D 
immitis. There is a large dog population with a prevalence 
of infected carriers. The mosquito population during the 
warm months can be awesome. It seems to be the one 
entity hurricane Hugo did not damage. The weather and 
waterways furnish a mecca for fishing and other outdoor 
activities, thus exposing the population to Dirofilaria in- 
festation. 


A 44-year-old woman was found to have bilateral pulmo- 
nary densities on a routine chest roentgenogram (Fig 1). 
She was a moderate smoker for 25 years. Her past health 
had been good, and she had no prior pulmonary symp- 
toms. A computed tomographic scan of the chest con- 
firmed discrete rounded densities in both lower lungs. A 
needle biopsy was done on one of these. The pattern 
described was suggestive of a Dirofilaria-related granu- 
loma but the parasite was not seen. The pathologist 
commented that bilateral dirofilariasis is relatively rare. 
On February 14, 1989, bilateral lung lesions were excised 
through a median sternotomy incision. Both lesions 
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showed a necrotizing pulmonary process with inflamma- 
tory, lymphoid, and giant cell reaction and with micro- 
scopic round worms consistent with D immitis. The pa- 
tient had a satisfactory recovery. 


Comment 


Dirofilaria immitis is a common filaria] heart parasite found 
in dogs in large endemic areas, especially along the 
eastern seaboard. Humans are unsuitable hosts resulting 
in death of the larval form, which embolizes from the 
right side of the heart to a terminal branch of the pulmo- 
nary artery, causing a small infarct. Dashiell [3] reported 
this entity for the first time in 1961. 

Bilateral pulmonary lesions and multiple unilateral le- 
sions are rare. Awe and associates [4] reported the first 
case of bilateral pulmonary nodules caused by D immitis 
removed through median sternotomy in 1975. Beskin and 
Colvin [5] reported a case of bilateral nodules, but only 
one side was removed and confirmed. The nodule in the 
opposite lung remained unchanged for 19 months. Lum 
[6] reported three proven lesions in the right lower lobe of 
a patient who died after myocardial revascularization. 


Life Cycle 

Dirofilaria immitis and its life cycle are described in detail 
by Adkins and Dao [7] and by Lau and Pierson [8]. In 
brief, the microfilariae are ingested by the mosquito when 
an infected dog is bitten. These molt in the mosquito and 
can be injected into humans through mosquito bites. Most 
die in the subcutaneous tissue, but uncommonly some 
microfilariae develop further and move to the pulmonary 
circulatory system. Because of human host resistance, 
maturity is not reached. They eventually die and embolize 
to a branch of the pulmonary artery producing a small 
ischemic infarct. 


Clinical and Epidemiological Features 


In Ciferri’s collective review [2], the male-to-female ratio 
was 2:1 with an age range of 28 to 77 years. Symptoms 
occurred in only 41% of patients reported and consisted of 
chest discomfort, malaise, low-grade fever, cough, and 
infrequently hemoptysis. 


Roentgenographic and Laboratory Findings 

The usual appearance of Dirofilaria in chest roentgeno- 
grams is that of a 2- to 3-cm rounded density in the 
periphery of the lung containing no calcium. Unlike the 
usual pyramidal configuration of a pulmonary infarct, a 
rounded density is seen, which is thought to be due to the 
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Fig 1. Bilateral pulmonary lesions. 


local reaction of the lung to the foreign protein material. 
The interval between a chest roentgenogram negative for 
this density and one showing this density varies. Kochar 
[9] reported 1 patient with a negative chest roentgeno- 
gram 2 months before the finding of a nodule, and 2 
patients whose roentgenographic findings converted 
from negative to positive in 3 weeks. The initial radiologic 
change in these 2 patients was an infiltrate with a pleural 
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effusion. Discrete nodules followed resolution of the 
infiltrate, supporting the concept that local pneumonitis 
results in a rounded density rather than the usual pyram- 
idal density of an infarct. 

Peripheral eosinophilia is seen infrequently, probably 
because of the small amount of antigen produced by one 
or several worms. Serologic tests thus far have failed to be 
specific enough for definitive diagnosis. Fine needle biop- 
sies, likewise, are not specific enough to rule out carci- 
noma. Therefore, surgical excision is usually required to 
confirm the diagnosis consistent with the usual indica- 
tions for lung nodules. 
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A Fiber-Optic Retractor for Harvesting the Internal 


Mammary Artery 


G. D. Angelini, MD, MCh, FRCS, and A. A. Azzu, MD, FRCS 


Department of Cardiac Surgery, University of Sheffield, Sheffield, and Department of Cardiac Surgery, University of Wales, Cardiff, 


United Kingdom 


A retractor for exposure and dissection of the internal 
mammary artery incorporating a fiber-optic transillumi- 
nation system is presented. The device, which can be 
converted to a standard sternal retractor, has also proved 
valuable in improving illumination during procedures 


Gead position, optimal exposure, and good light are 
essential during harvesting of the internal mammary 
artery. Although the first two factors can be achieved with 
recently introduced retractors, good illumination of the 
mammary artery bed remains a problem [1-3]. 





A 


on the mitral valve and in facilitating dissection of 
fibrous adhesions from the anterior surface of the heart at 
reoperation. 


(Ann Thorac Surg 1990;50:314-5) 


We have developed a retractor incorporating a new 
fiber-optic transillumination system in which the fibers 
have been bent at 90 degrees into a cylinder-shaped 
device to produce a longitudinal light window. When 
positioned on the retractor blade opposite the mammary 
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Fig 1. (A) Lateral view of the retractor with schematic representation of the light generated by the transillumination system (angled blades; 
A fibre-optic illuminated unit). (B) Lateral view of the retractor in position. The side of the internal mammary artery is elevated by the angled 


blades while the opposite side is slightly depressed. 
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Fig 2. (A) Frontal view of the retractor in position with schematic representation of the anatomical course of the internal mammary artery. (B) 


Dissected internal mammary artery. 


artery to be harvested, the device will illuminate the 
mammary artery bed without any need for additional light. 


Material and Methods 


The instrument is based on a lightweight stainless steel 
sternal retractor with conventional rack-winding handle 
that can be mounted on either side of the retractor body to 
enable harvesting of either left or right internal mammary 
artery. Two angled blades can be mounted at any position 
along the blade-receiving area on the side of the internal 
mammary artery to be dissected (Fig 1A). A knurled nut 
locks the blade to prevent slipping. The illuminated 
sternal blade is contoured to cradle the sternal edge. The 
smooth inner surface of the blade allows it to rotate 
around the sternal edge as a fulcrum without damaging it 
during the lifting motion of the retractor initiated by the 
angled blades on the opposite side. The fiber-optic illumi- 
nated unit is a unique continuous 10 cm x 1 mm fiber- 
optic port that delivers a bright light directly onto the 
internal mammary artery bed (Fig 1A). The fiber-optic 
component, which slides into the grooved sternal blade, 
is capable of being inserted from either end of the blade to 
enable the fiber-optic cable to fall away from the retractor 
from the most convenient side. The angle of illumination 
may be easily changed by rotating the housing of the 
fiber-optic unit allowing optimum illumination, as the 
elastic deformation of the chest wall differs from patient to 
patient. 

With the two angled blades in place on the side of the 
internal mammary artery to be exposed and with the 
illuminated blade on the opposite side, the surgeon will 
wind open the retractor arms. The combination of the 
angle of the blades and the mechanical advantage of the 
opposing force dictate that the side of the internal mam- 


mary artery will elevate and rotate outward, while the 
other side will be slightly depressed (Fig 1B). The result- 
ing space will enable the surgeon to identify, expose, and 
dissect the internal mammary artery under excellent illu- 
mination yet only using the predictable elastic deforma- 
tion of the chest wall (Fig 2). The retractor can be removed 
and replaced easily at any stage of the procedure. Once 
the internal mammary artery has been dissected, the 
angled blades can be replaced by a standard sternal blade 
similar in shape to the illuminated blade and the instru- 
ment used for normal sternal retraction. All components 
of the retractor can be autoclaved at 134°C. 


Comment 


The retractor has been used routinely for the last year and 
has allowed quick, easy, and accurate harvesting of the 
internal mammary artery. It has improved illumination 
during procedures on the mitral valve and has also 
facilitated exposure of the anterior surface of the heart 
during dissection of fibrous adhesions at reoperation. 





We thank Mr Nigel Watkin of Codman Ltd UK for assistance in 
the design, development, and manufacture of the retractor 
prototype. 
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Hemostatic Technique for Internal Mammary 
Artery Anastomotic Bleeding 


S. S. Bhattacharyya, MCh, A. Trivedi, MCh, R. Pendkar, MCh, and J. J. Thacker, MCh 


Bombay Hospital Institute of Medical Sciences and Breach Candy Hospital and Medical Research Centre, Bombay, India 


When internal mammary artery is used for myocardial 
revascularization, a not uncommon occurrence is intra- 
operative bleeding from the internal mammary artery to 
coronary artery anastomosis. The conventional method 
of hemostasis of placing additional sutures across the 
suture line may produce anastomotic stenosis or may 
aggravate the bleeding by producing tears, especially as 


nternal mammary artery is accepted as the best conduit 
for myocardial revascularization. Intraoperative bleed- 
ing from the anastomotic suture line is not an uncommon 
occurrence. The conventional method of hemostasis of 
placing additional sutures at the bleeding points, across 
the suture line, may produce anastomotic stenosis or may 
aggravate the bleeding by producing tears (as the tissues 
may be friable, altered by disease) as the sutures are taken 
on a beating heart. 

It is our experience that hemostasis can be achieved by 
tightening the anastomotic suture line a little bit more as 
the sutures are placed precisely in the first instance. 
Additional sutures across the suture line are best avoided 
unless absolutely mandatory. 

The hemostatic technique described here does away 
with the need to place additional sutures across the suture 
line. In this technique, after the suture line is tightened by 
pulling the Prolene loop, the knots fall on the.suture line. 
It is simple, safe, effective, and reproducible. 


‘Technique 


The left internal mammary artery is anastomosed to a 
coronary vessel in an end-to-side fashion by continuous 
suturing technique, with adequate light and adequate 
magnification (with prism loops of 4.5 magnification) using 
7-0 Prolene (Johnson & Johnson) suture on a BV-1 needle. 

When there is bleeding from the anastomic suture line, 
a loop of the continuous suture is raised with a hook 
adjacent to the bleeding point (Figs 1A-D). If there is 
bleeding from the toe of the anastomosis, the loop is 
raised at the toe and shifted to the lateral border (Fig 2), 
and the maneuver is applied. The same is true for bleed- 
ing at the heel of the anastomosis. 
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these additional sutures are placed on a beating heart. 
We descride a simple technique by which hemostasis can 
be achiev2d without the risk of anastomotic stenosis or 
aggravation of the bleeding, as it avoids placing sutures 
over the anastomotic suture line. 


(Ann Thorac Surg 1990;50:316-7) 


A piece of 7-0 Prolene suture is passed through the loop 
and the two ends are held in a hemostat (Fig 1E). A 7-0 
Prolene epicardial stitch is placed adjacent to the raised 
loop (Fig 3A) and tied. One end is held in a.hemostat (Fig 





Fig 1. (A) The internal mammary artery is anastomosed to the coro- 
nary vesse . After the anastomosis is completed (B), if bleeding re- 
mains (C a loop of the suture is raised (D) and a piece of 7-0 suture 
material is passed through (E). 
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Fig 2. If there is bleeding from the toe of the anastomosis (A), the 
loop is raised at the toe (B) and shifted to the lateral border (C, D). 


3B) and the other end (not the end held in the hemostat) 
is tied to the piece of 7-0 suture passed through the loop 
(Fig 3C) in such a way that the knots fall at the base of the 





Fig 3. (A) An epicardial stitch is placed adjacent to the raiséd loop 
and tied. One end is held in a hemostat (B) and the other end is tied 
to the piece of suture passed through the loop (C) in such a way that 
the knots fall at the base of the loop (D). 
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Fig 4. The final knots fall at the base of the loop, the extra piece of 
suture material is removed, and the ends of the sutures are cut. 


loop (Fig 3D). This fixes the loop on the suture line and 
tightens the anastomosis so that the final knots will be at 
the base of the loop. The 7-0 Prolene piece passed through 
the loop is removed, and the ends of the sutures are cut 
(Fig 4). 


Comment 


This technique does away with the anxiety of placing 
additional sutures across the suture line on a beating heart 
and does not produce anastomotic stenosis or aggravate 
the bleeding by producing tears when the tissues are 
altered by disease. We have not experienced any break of 
a 7-0 Prolene suture with another piece of 7-0 Prolene 
suture as the traction string. This technique is also better 
than raising the loop and fixing it onto the adjoining 
epicardium (Fig 5), in which the knots fall away from the 
suture line and also cause traction distortion of the anas- 
tomotic suture line. 

This technique can be applied to other distal anastomo- 
ses of reversed saphenous vein grafts, to proximal aortic 
anastomoses, to a loose loop left out of a vascular anas- 
tomosis, and in fact to any bleeding suture line. We 
recommend this technique as it is simple, safe, effective, 
and reproducible. 





Fig 5. When the technique in which the loop is raised and fixed onto 
the adjoining epicardium (A) is used, the knots fall away from the 
suture line (B). 


Biatrial Transseptal Approach in Case of Difficult 
Exposure to the Mitral Valve 


Alain Deloche, MD, Christophe Acar, MD, Victor Jebara, MD, Jean-Noél Fabiani, MD, 


and Alain Carpentier, MD, PhD 


Département de Chirurgie Cardiovasculaire, Hôpital Broussais, Paris, France 


The biatrial transseptal approach according to the Du- 
bost technique provides an excellent exposure to the 
mitral valve. Over a 5-year period (1984 to 1989) we used 
this approach in 210 patients. We believe that this inci- 
sion is indicated in the following situations: reoperation 
on the mitral valve and acute mitral insufficiency with 
little enlargement of the left atrium. f 

i (Ann Thorac Surg 1990;50:318-9) 


he routine left atriotomy through the interatrial 
groove does not constantly provide optimal exposure 
to the mitral valve that would allow performance of valve 
reconstruction or replacement in good conditions. In 
1966, Dubost and associates [1] described the biatrial 
transseptal approach, which offers an excellent exposure 
to the mitral valve. We have been using this incision 
since, and at present it constitutes our incision of choice in 
two situations. (1) During reoperation on the mitral valve, 
the mitral apparatus is usually fixed in a horizontal plane 
and mobilization of the mitral annulus is severely re- 
stricted unless the left ventricle has been completely freed 
of pericardial adhesions. (2) In cases of acute or subacute 
mitral insufficiency there is frequently little dilatation of 
the left atrium; therefore, difficult exposure to the mitral 
valve may be expected. 


Technique 


Extracorporeal circulation is instituted in a routine fash- 
ion, and double venous cannulation and control of both 
vena cavae are required. The right atrium is cpened by an 
incision running from the superior pulmonary vein be- 
tween the two venous cannulas and around the insertion 
site of the inferior venous cannula (Fig 1). In cases of 
extensive pericardial adhesions with invisible atrioventric- 
ular groove, one must be cautious not to injure the right 
coronary artery. 

The interatrial septum is then opened at the level of the 
fossa ovalis perpendicular to the tricuspid valve. This 
incision is' prolonged on the right superior pulmonary 
vein (Fig 2). The septum is then incised according to a line 
running 2 cm behind the coronary sinus (to avoid the 
conduction pathways), parallel to the tricuspid valve, and 
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ending at the floor of the atrium (Fig 3). Using a single 
retractor, an excellent exposure to the mitral valve may be 
obtained through this approach (Fig 4). Replacement of a 
dysfunctioning prosthesis as well as complex valve recon- 
struction cen be performed in good conditions. 

At the end of the operation, the septal and atrial 
incisions are closed in a routine fashion with a running 
suture. One may introduce a right atrial catheter into the 
suture line of the septal incision to obtain postoperative 
left atrial pressure monitoring. The junction between the 
superior pulmonary vein and the septum on one hand 
and the right atrial wall on the other must be closed 
carefully to prevent bleeding complications and second- 
ary left-to-right shunting. 


Comment 


The approach to the mitral valve through the right atrium 
and the intezatrial septum has been variously described in 
the past [2, =]. We have had extensive experience with the 
biatrial traneseptal approach for valvar operations accord- 
ing to Dubcst’s technique [1, 4]. Over the past 5 years 
(1984 to 1985), this approach has been used in 210 patients 
at our institution. It was used either in cases of redo 
cardiac operations (97 second, 28 third, 7 fourth, and 3 
fifth sternotcmies) or in cases of acute mitral insufficiency 
with little enlargement of the left atrial cavity (n = 66). In 
rare instances, this incision was used for combined mitral 
and tricuspid operations (n = 9). 

Injury to the right coronary artery when opening the 
right atrial cavity was observed in 2 patients with exten- 





Fig 1. Right atral incision extending from the right superior putmo- 
nary vein between both venous cannulas and around the insertion site 
of the inferior veaous cannula. 
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Fig 2. Septal incision: the interatrial septum is opened at the level of 
the fossa ovalis. The incision forms a 90-degree angle reaching the 
superior pulmonary vein laterally (1) and the atrial floor inferiorly (2). 


sive pericardial adhesions, but immediate repair was 
performed with a good outcome. A left-to-right shunt 
secondary to inappropriate closure of the septal incision 
was noted in 1 patient requiring reoperation. 

To establish the exact incidence of conduction system 
disturbances induced by the biatrial transseptal approach, 
we reviewed a select group of patients who underwent 
biatrial transseptal approach for isolated mitral valve 
repair operated on for the first time (n = 66). Temporary 
electrosystolic stimulation was required in 21 of these 
patients during the postoperative course (mainly because 
of a slow nodal rythm) and was discontinued in most 
patients within 48 hours or after a maximal time lapse of 
2 weeks. No patient required permanent pacemaker in- 
sertion. Episodes of atrial fibrillation (n = 12) and atrio- 
ventricular block of the first degree (n = 8) were also 
noted. 

Because of the higher incidence of conduction system 





Fig 3. After the septal incision toward the superior pulmonary vein, 
the septum is cut according to a line (dotted) running 2 cm behind 
the coronary sinus and parallel to the tricuspid valve. 
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Fig 4. Using a single retractor, an excellent exposure to the mitral 
valve is obtained. 


disturbances, we believe that the biatrial transseptal ap- 
proach should be restricted to patients in whom a poor 
exposure to the mitral valve is expected. We do not 
consider the need for a combined mitral and tricuspid 
operation an indication for this incision provided that a 
selective approach of both atria is feasible. 

In conclusion, the biatrial transseptal incision is the best 
approach for mitral valve repair/replacement to obtain an 
optimal exposure to the mitral valve in difficult cases. (1) 
During reoperation on the mitral valve, the presence of 
pericardial adhesions imposes a horizontal plane to the 
mitral orifice (especially if an aortic prosthesis is already in 
place). Mobilization of these adhesions includes a risk of 
diffuse postoperative bleeding and increases the risk of 
left ventricular rupture in case mitral valve replacement is 
performed. (2) In cases of acute mitral insufficiency with 
little enlargement of the left atrium, a complex mitral 
valve reconstruction may be required (acute endocarditis, 
degenerative lesions) and optimal exposure to the mitral 
leaflets and to the subvalvar mitral apparatus must be 
obtained. 
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Use of the Allograft Aortic Valved Conduit 


David N. Campbell, MD, and David R. Clarke, MD 


University of Colorado School of Medicine, Denver, Colorado 


Although the clinical use of the subcoronary free-sewn 
allograft aortic valve was first described by Ross and 
Barratt-Boyes independently in 1962, the use of an al- 
lograft valved conduit for right ventricular outflow tract 
reconstruction in congenital cardiac surgery was not 
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Bx 1966, many congenital cardiac defects with right 
ventricle to pulmonary artery stenosis or discontinu- 
ity (true pulmonary atresias) and large collaterals were 
deemed uncorrectable or carried a very high operative risk 
for there was no good way of providing a valved connec- 
tion when pulmonary hypertension was present. Though 
others had used direct connection [1], patch reconstruc- 
tions [2, 3], and nonvalved conduits made from pericar- 
dium [4] for repairs of severe tetralogy of Fallot and 
pulmonary atresia before 1966, right ventricular failure 
occurred uniformly when pulmonary hypertension was 
present. Even when the pulmonary artery pressures were 
low, right ventricular failure secondary to severe pulmo- 
nary insufficiency and right ventricular volume overload 
remained a major problem. Ross and Somerville’s [5] case 
report on the use of an allograft aortic-valved conduit for 
the reconstruction of the right ventricular outflow tract in 
an 8-year-old boy with severe tetralogy of Fallot changed 
this dismal outlook for many children with previously 
lethal congenital cardiac defects. Ross and Somerville’s 
pioneering effort led the way for the successful repairs of 
severe tetralogy of Fallot, pulmonary atresia, truncus 
arteriosus, and transposition of the great arteries with 
pulmonary stenosis as well as other rarer complex con- 
genital heart lesions. 

The future seemed bright for the allograft valved con- 
duit, but 5 years later follow-up reports from several 
centers in the United States [6-8] indicated a considerable 
obstruction rate from these allografts. Distortion and 
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considered until February 14, 1966. With the description 
of this successful application by Ross and Somerville, 
the corrections of many previously inoperable cardiac 
lesions soon followed. 

(Ann Thorac Surg 1990;50:320-2) 


kinking at the proximal end of the conduit, calcification of 
the graft, and procurement difficulties were identified as 
major probl2ms and interest shifted to Dacron tube grafts 
with porcine bioprostheses for the repair of these lesions, 
at least in the United States. However, these xenograft 
bioprosthetiz conduits fared little better over time, and 
obstruction remained a major problem. It became appar- 
ent that the leaflets of the porcine bioprosthesis in the 
conduit calcified, sometimes in a very short time in 
children, arid that neointimal proliferation proximal to the 
valve in the zonduit as described earlier with the allograft 
conduits also contributed to the obstruction. 

Now the pendulum has swung back to the use of the 
allograft valved conduit as originally described by Ross 
and Somerville for several reasons. First, we now know 
that although the aortic allograft wall calcifies, the valve 
leaflets do not. Furthermore, the obstruction reported 
earlier was secondary to neointimal peel formation in a 
circumferental Dacron tube extension placed proximal to 
the allograft usually to gain length in complex repairs. 
Today, circumferential tube extensions are to be avoided 
if possible. The posterior portion of the proximal end of 
the allograft is attached directly to the right ventricular 
outflow tract. and only a triangular-shaped hood fash- 
ioned from either pericardium or polytetrafluoroethylene 
is used to complete the connection. Second, the early 
experience with allografts involved a variety of different 
preservation and sterilization techniques including freeze 
drying, gamma irradiation, ethylene oxide, and £- 
propriolacton2. All these methods were very damaging to 
the allograft tissues. If only “fresh antibiotic-preserved” 
or cryopreserved valve conduits are used, future results 
with either of these two groups of allografts likely will be 
better than those of the composite Dacron xenograft 
conduit. Third, allografts come in all sizes; xenografts do 
not, and the intrinsic transvalvar gradient of a given-size 
allograft is insignificant compared with that of a similar- 
sized bioprosthesis. Therefore, larger diameter allografts 
can be placed compared with the bulky xenograft biopros- 
thesis with its attendant sewing ring. “Adult-sized” al- 
lografts can be placed even in very small children, thereby 
avoiding the question of conduit and valve growth, to 
which an answer is not available at this time. . 

Finally, the mode of valve failure is likely different 
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between the two valved conduits. Xenografts quite often 
fail by stenosis secondary to calcification whereas allograft 
valves fail owing to insufficiency. Stenotic valves will 
usually have to be replaced with time; however, insuffi- 
cient valves may not be replaced if the degree of pulmo- 
nary hypertension is minimal and the right ventricular 
performance is good. 

Procurement still remains a major problem and neither 
the aortic allograft nor xenograft conduit is ideal, but 
recently Mr Ross and his colleagues have taken us one 
step closer. Though it had been described earlier by 
Eguichi and Asano [9] (1968) and Seki and associates [10] 
(1970) in laboratory experiments with dogs, Ross pio- 
neered the clinical use of the allograft pulmonary valve 
conduit for right ventricular outflow tract reconstruction 
in 1983 [11-13]. This has virtually doubled the number of 
allografts available for use while the number of allografts 
available overall has decreased markedly as the field of 
heart and heart-lung transplantation has exploded. The 
pulmonary valve allograft is thinner, it has less transval- 
var gradient, and it is easier to work with. The calcifica- 
tion of this allograft is substantially less than that of the 
aortic allograft conduit, and the pulmonary artery al- 
lograft provides a major technical advantage in that re- 
pairs can be carried out safely even in children with 
complex pulmonary anatomy. This is particularly true for 
cases in which multiple severe stenoses or even disconti- 
nuity of the pulmonary arteries are present because the 
branch pulmonary arteries are harvested with the al- 
lograft. 

These are all notable advantages compared with either 
of the conduits used previously. Therefore, in 1990 the 
pulmonary artery allograft must be considered the con- 
duit of choice for right ventricular outflow tract recon- 
struction. 
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Editor’s Note 


We asked Mr Ross for his comments on Dr Campbell and 
Dr Clarke’s interesting article. 


Mr Ross’ Commentary 


I was very pleased to read this article by Drs Campbell 
and Clarke on our use of the homograft valved conduit for 
right ventricular reconstruction. Having struggled with a 
number of cases of severe Fallot variants presented for 
correction by my colleague Dr Somerville, it seemed 
entirely logical to use the beautifully designed aortic 


homograft to bridge the gap and use the anterior mitral 
cusp to fill in the ventriculotomy incision. 

Our first case was a true outflow atresia but with 
confluent pulmonary arteries and like many first attempts 
went without a hitch. Such was our ignorance of the 
disease pattern at that time that I reopened the left chest 
about 10 days postoperatively confident that we had to tie 
a ductus to control the persistent continuous murmur! 

That young man is fit and well 24 years later, but his 
first operation was at the age of 8 years and at that time 
we thought he should have an appropriately sized small 
homograft. Naturally he outgrew this valve, which be- 
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came stenotic, and it was replaced at age 18 years or 14 
years ago. The replacement still serves him well. 

As mentioned, early reports were marred by the Mayo 
Clinic's experience with irradiated valves, which stenosed 
badly. I reoperated on one of their patients in whom the 
conduit was so small I mistook it for a coronary artery. We 
did not have this problem with irradiated valves, so we 
must assume that the irradiation dosage was excessive. 

Also, we have always insisted that the conduit is short 
and within the line of the right ventricular outflow, 
whereas a number of earlier conduits were looped in a 
redundant bridge with consequent kinking and turbulence. 

I am surprised and a little ashamed that it took me so 
long to progress to the next logical step and use the 
pulmonary homograft rather than the aortic for right- 
sided reconstruction. 


Ann Thorac Surg 
1990;50:320-2 


Both Dr Somerville and I retain our enthusiasm for the 
homograft and proximal extensions of the conduit are 
with autcgenous pericardium. 

You wil notice that I use the term homograft rather than 
the more recently fashionable allograft. The Oxford Dictio- 
nary tells-me that allo (Greek) means “other or different,” 
which in this context is meaningless and applies equally 
to porcine or pericardial calf valves. Homo (Greek) means 
“similar or the same,” and in addition homo (Latin) means 
“man,” so on all grounds I believe homograft to be the 
correct term. 


Donald Ross, FRCS 
25 Upper V/impole St 
London W1 

England 
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Paradoxical Hypertension After Repair of 
Coarctation of the Aorta: A Review of Its Causes 
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Correction of a coarctation of the aorta, an apparent 
simple cause of hypertension, paradoxically can provoke 
two hypertensive responses, one of which is potentially 
fatal. The first, limited to the first 24 hours, occurs in 
nearly one half of the patients. This is likely due to the 
high set of the carotid baroreceptors. The second, which 
may be associated with abdominal pain and, in some, 
with necrosis of the small bowel as a result of severe 
arteritis confined to arteries arising from the aorta below 
the coarctation, develops in about one half of the first 
responders. Norepinephrine excretion greatly increases 


hat the correction of a coarctation of the aorta, an 

apparently simple cause of hypertension, can pro- 
voke two different hypertensive responses, one of which 
is life threatening, is unexpected and illogical; thus, the 
name paradoxical hypertension [1]. The first response 
occurs immediately and subsides in most patients within 
24 hours. The second response, which is more pro- 
nounced in diastole, appears within 48 to 72 hours (Fig 1). 
The striking finding in the second response is the severe 
acute inflammatory changes that may occur in arteries 
and arterioles that originate from the aorta telow the 
coarctation [2-4]. 

In this review, I will give an account of how these 
postoperative hypertensive events were first recognized 
and how a therapeutic program was then devised that has 
virtually eliminated them as serious clinical problems. 
This will be followed by a review of current thoughts 
about the physiological adaptations occuring in coarcta- 
tion that maintain homeostasis. Then I will propose a 
theory to explain the pathogenesis of the two paradoxical 
responses based on a disruption of these cardiovascular 
adaptations. 

This story [3] began in 1952 after a 22-year-old man was 
operated on for coarctation of the aorta. Before cperation, 
the blood pressure in his arms varied from 190 ta 215/60 to 
0 mm Hg and in his legs, from 140/80 to 0 mm Hg. He had 
a pronounced aortic valvar insufficiency. In the immediate 
postoperative period, his blood pressure increased in his 
arms and legs from 140/80 mm Hg on the first day to 
224/94 mm Hg on the third day. At this time, he com- 
plained of moderately severe abdominal pain. He died 13 
days later during removal of most of the ileum and 
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for several days, whereas angiotensin levels are elevated 
for 3 to 4 days. The hypertension responds to B-blockers, 
to arterial smooth muscle relaxants, and to angiotensin 
converting enzymes. A theory is advanced to explain the 
second response. It is the adaptation gone awry that 
ensures adequate flow to exercising muscles below the 
coarctation, above and beyond that delivered by increas- 
ing the systolic pressure. It could be a regionally con- 
trolled mechanism similar to the rationing of blood flow 
in diving mammals. 

(Ann Thorac Surg 1990;50:323-9) 


jejunum for necrosis. At autopsy, severe acute arteritis 
was found in the arterial system connected to the aorta by 
the vessels originating from below the coarctation [3]. The 
changes noted were a disruption of the walls of the 
vessels associated with fibrinoid necrosis and intense 
acute inflammatory exudate. The pathologist described 
the change as resembling periarteritis nodosa. Lober and 
Lillehei [4] made a similar comparison in their study. 

The second patient, a 4-year-old boy, was admitted a 
little more than a year later. His blood pressure was 150/80 
mm Hg in his arms and 90/65 mm Hg in his legs. The 
coarctation of the aorta was resected, and a large patent 
ductus arteriosus was divided. On the fourth postopera- 
tive day, he complained of abdominal pain. His blood 
pressure at this time was 150/125 mm Hg in both arms and 
legs. The white blood cell count ranged from 24 to 48 x 
10°/L. On the 14th postoperative day at laparotomy, there 
were punctate serosal hemorrhagic areas throughout the 
small bowel. In the ileum, there were three perforations 
and many scattered areas of spotty gangrene. Seventy 
centimeters of the ileum had to be removed. Microscopic 
sections of the mesenteric vessels and of the medium- 
sized and small arteries in the abdominal wall showed 
findings similar to those noted in the first patient. The 
patient recovered satisfactorily. Ten days after he was 
operated on, the blood pressure was 118/74 mm Hg in his 
arms and 124/84 mm Hg in his legs. Severe hypertension 
and arteritis suggested that overactivity of the sympa- 
thetic nervous system was the cause of these remarkable 
changes. 

Soon after, the same abdominal complaint developed in 
a third patient, a 6-year-old girl, following removal of her 
coarctation. Preoperative blood pressures in her arms and 
legs were 190/40 mm Hg and 104/72 mm Hg, respectively. 
A moderate-sized ventricular septal defect was present. 
Forty-eight hours after the operation, the blood pressure 
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Fig 1. Blood pressure (BP) record of a patient showing a marked ele- 
vation of the blood pressure immediately after operation. The second 
hypertensive response begins on the fourth day, and blood pressure 
approaches normal on the 30th day. 


in the arms was 190/140 mm Hg. At 72 hours, abdominal 
pain developed and she had a white blood cell count of 25 
x 10° L [3]. On the assumption that overactivity of the 
sympathetic nervous system was present, intravenous 
hydralazine hydrochloride was given. The abdominal 
pain promptly disappeared, the white blood cell count 
decreased to normal, and the blood pressure decreased 
from 190/140 mm Hg to 150/70 mm Hg. Medication was 
continued for 10 days. She was discharged from the 
hospital with a blood pressure of 140/80 mm Hg in her 
arms and without symptoms. Very soon after this expe- 
rience, 3 more patients were found to have the same signs 
and symptoms. In these patients, reserpine was used 
with equally good results. 

The records of all patients with coarctation of the aorta 
on whom we had operated were then reviewed [1]. 
Postoperative hypertension was considered to be present 
when it was found to be higher than the preoperative 
level of the arm pressure. Although the blood pressure 
records in some patients were incomplete, 7 of 30 patients 
(23%) were found to have had marked elevation of blood 
pressure in the first 24 hours. In 1 patient, the systolic 
pressure was recorded as high as 230 mm Hg. One of the 
7 patients progressed to the second response. Fourteen 
patients (47%) had a delayed hypertensive response 12 to 
72 hours after operation. 

When a prospectively observed group of patients was 
studied after removal of the coarctation [5], 26 of the 41 
patients (63%) had the immediate hypertensive response. 
The second hypertensive response was found in 12 of the 
41 patients (29%) but all 12 patients had the first response. 

These two studies clearly separated the two postoper- 
ative hypertensive responses (Fig 1). The first response, 
occurring in more than one half of the patients, was not 
usually of more than 24-hours’ duration. The second 
hypertensive response was frequently associated with 
abdominal pain. 

The two postoperative hypertensive responses were 
not described in early reports of the surgical treatment of 
coarctation, but most detailed accounts since then have 
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noted paradoxical hypertension [6-19]. One patient had 
the diagnosis made 3 months after repair [20]. Along with 
abdominal pain, paralysis developed in the lower half of 
his body secondary to arteritis of a spinal artery. Vasculitis 
including splenic and mesenteric artery rupture [4, 9, 21] 
and gastrointestinal bleeding have been reported [22]. 
Intestinal stricture developed in another patient 4 weeks 
after operation [10]. 

Although there are reports of arteritis in the mesenteric 
vessels [4, 8, 20-26], only two autopsy reports aside from 
the one outlined here describe the vascular lesions in 
areas other than the intestines [4, 20]. 

The cause of the first hypertensive response can be 
explained by the release of the stretch on the baroceptors 
in the carotid arteries and aortic arch after removal of the 
aortic obstruction. The best evidence for this is the 
marked increase in sympathetic activity indicated by 
elevations in norepinephrine level after operation greater 
than those found after other operations of similar magni- 
tude [12, 26, 27]. The norepinephrine level remained 
elevated for up to 13 days in the Duke series (Fig 2) and 
for 6 months in the Benedict, Graham-Smith, and Fisher 
study [28]. The latter observers noted that only 2 of the 6 
patients had the early hypertensive response, whereas 5 
of the 6 patients had the second response. In the Duke 
series, 6 of 12 patients had elevated levels of norepineph- 
rine with 5 of the 6 having the first and second responses. 

Studies of baroreceptor sensitivity have been done only 
on postoperative coarctation patients who have chronic 
hypertension. As expected, they had a high set of the 
baroreceptors [29]. 

Baroreceptor activity in experimental coarctation inves- 
tigated by Bonchek and Rees [30] showed only normal 
sensitivity. Experimental observations of Igler, Boerboom, 
and associates [31] indicated that the baroreceptor reset 
occurred after induction of coarctation, only to return to 
normal after coarctation repair. 

The reason for the second hypertensive response is not 
clearly understood. The following facts are known. Pa- 
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Fig 2. Great increase in excretion of norepinephrine (Nor-Ep) in a 
12-year-old patient after operation. This was associated with the two 
hypertensive responses and abdominal (ABD) pain. 
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Fig 3. Coarctation of the aorta on the adult dog shows that the initial 
postcoarctation blood pressure is not elevated. Only at 14 days after 
operation do the pressures reach hypertensive level. Note that femoral 
pressures are stabilized slightly above the preoperative levels. (CS = 
carotid systolic; CD = carotid diastolic; FD = femoral diastolic; FS = 
femoral systolic.) 


tients have increased sympathetic activity that continues 
well after the expected baroreceptor reset. The norepi- 
nephrine levels encountered indicate extreme levels of 
sympathetic activity, judged by the studies of Floras and 
associates [32]. In addition, the second hypertensive re- 
sponse can be reversed by reserpine, which causes a deple- 
tion of the adrenergic transmitter; by 6-blocking agents [33]; 
by hydralazine hydrochloride, a smooth muscle relaxant; 
and by angiotensin converting enzyme inhibitors. Giddings 
and co-workers [34] showed that preoperatively adminis- 
tered propranolol prevented a hypertensive response in 7 
patients, whereas hypertension developed in 4 of 7 patients 
of the control group. 

That plasma renin activity would increase for 3 to 5 days 
after removal of the coarctation and that angiotensin II 
enzyme blocking agents will reverse the hypertensive 
responses is, to say the least, illogical [35-38]. The rela- 
tionship between norepinephrine and angiotensin II, both 
potent vasoconstrictors, is complex [39-43]. None of these 
considerations explains exactly why blocking the action of 
one or the other hormone are equally effective in control- 
ling paradoxical hypertension. 


Experimental Coarctation of the Aorta 


Coarctation of the aorta has been produced in adult dogs 
[44-48], puppies [30], and rats [49, 50]. The development 
of the hypertension resembles the pattern of the one- 
kidney, one-clip Goldblatt preparation [51] (Fig 3). Plasma 
renin activity increases immediately and remains elevated 
for 3 to 5 days [52-54]. The blood pressure above and 
below the coarctation site begins to increase in 3 to 5 days, 
at the time the plasma renin activity is returning to 





REVIEW SEALY 325 
PARADOXICAL HYPERTENSION, COARCTATION AORTA 


normal. The pressure continues to rise over the next 3 
weeks or so, when one would expect collateral circulation 
to be increasing. The pressure below the coarctation 
reaches its precoarctation level in 14 to 21 days (Fig 3). 

Added evidence that the kidneys play a role in hyper- 
tension of coarctation were the experiments of Scott and 
Bahnson [45, 46], who showed that moving a single 
remaining kidney above the experimental thoracic coarc- 
tation relieved the hypertension. Studies of renal dynam- 
ics in dogs with experimental coarctation have shown 
only an increase in the filtration fraction [55-57]. Svane 
and Jensen [58] reported microscopic evidence of juxta- 
glomerular hyperplasia. 


Hypertension and Coarctation in Humans 


The hypertension in coarctation of the aorta in humans 
has been the subject of both intense study and much 
speculation [59-65]. Sir Thomas Lewis [62] showed that 
the femoral pulse wave occurred later than the radial, 
opposite to the normal. He found normal blood flows in 
the legs. Direct arterial pressure measurements, notably 
those of Steele and Cohn [63], indicated that mean pres- 
sures below the coarctation were frequently at hyperten- 
sive levels and equal to the resting mean pressures above 
the coarctation. Wakim, Slaughter, and Clagett [64] found 
blood flows to be unchanged in the arms and legs before 
and after operation for coarctation. Patterson, Shepherd, 
and Whelan [65] found flows to be the same in the arms 
and legs, but the resistances in the arms were greater than 
those in the legs. 

The cross-sectional area of the coarctation and collateral 
circulation vary tremendously from patient to patient. In 
an occasional neonate, congestive failure occurs, suppos- 
edly due to failure of collaterals to develop before birth 
[66-68]. Examples of heart failure corrected by repair of 
the coarctation in patients who have intracardiac lesions 
have also been reported [69]. In an attempt to supply 
blood flow demands to strictures below the coarctation, 
unusually high arterial pressures occur above the coarc- 
tation with exercise [70-72]. In one study [70], the systolic 
levels in 6 of 20 patients reached 300 to 360 mm Hg. 
Dahlback, Dahn, and Westling [71] found that in the 
femoral artery, mean pressures recorded during exercise 
did not change despite great increases above the coarcta- 
tion, but cardiac output recorded during strenuous exer- 
cise increased from 5 to 10 L. 

In a study of 20 patients with coarctation, Taylor and 
Donald [70] found 6 patients with clinically significant 
elevations of resting cardiac output. Nine of the 20 pa- 
tients showed an increase in the pulmonary wedge pres- 
sure during exercise. Seven of 8 patients examined after 
operation were found to have a reversion of the pressure 
to normal levels. Three patients had an increase in the 
pulmonary artery pressure during exercise. The left ven- 
tricular work before operation was increased in all 20 
patients over that of the normal control group. Do these 
observations indicate that the left ventricle may be 
stressed to its limits to supply blood flow to structures 
below the coarctation? 
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The great interest in 1930 to 1940 in the Goldblatt 
experiments [73, 74] led to several studies in humans 
trying to relate the hypertension in coarctation to the 
kidney [75~77]. Harris, Sealy, and DeMaria [77] reviewed 
the information then available on renal hemodynamics in 
coarctation and reported their observations on patients 


before and after operation. They concluded that there was . 


no decrease in renal blood flow in coarctation and specu- 
lated that some other mechanism was a factor in causing 
the hypertension, in addition to the resistances at the 
coarctation site and in the collaterals. 

When it became possible to determine more easily the 
plasma renin activity, this was measured in patients with 
coarctation [79-81]. Most showed no elevation in plasma 
renin activity before operation. Alpert and co-workers 
[80], in an excellent study on patients with coarctation, 
found that when furosemide was added to a low-sodium 
diet, marked elevations in plasma renin activity occurred. 
In addition, they found that plasma volume and extracel- 
lular fluid volume were increased, as was the cardiac 
output, and noted the similarity between coarctation and 
Goldblatt hypertension. 

Ina recent discussion of the hypertension in coarctation 
of the aorta, Schaffer [82] called attention to “the bipedal 
exercise triad.” During exercise, an increase occurred in 
systolic pressure in the arms. The pressures in the legs 
were unchanged despite an increase in the systolic gradi- 
ent across the coarctation. The response to exercise 
caused a shunting of blood to muscle from the kidney, 
which increased plasma renin activity. 


Comment 


The cardiovascular adaptations to a coarctation of the 
aorta are more complex than merely an elevated blood 
pressure above the coarctation and the development of 
collateral arterial channels around it. As the removal of 
the coarctation may cause two hypertensive responses, it 
is reasonable to assume that interruption of the need for 
the adaptations is related to these unexpected events. 
That such responses do not occur in every postoperative 
patient speaks of the wide variation among patients in the 
coarctation cross-sectional area and in the number and 
size of the collaterals. Thus in some patients, collateral 
development alone ensures blood flow to the structures 
below the coarctation. 

The high set of the baroreceptors explains the first 
postoperative hypertensive response. The decrease in the 
stretch of the carotid and aortic baroreceptors by removal 
of the aortic obstruction causes greatly increased sympa- 
thetic activity that could be a factor in initiating a second 
response. The high set could be the result of the next 
adaptation noted below. 

The adaptation that by increasing the pressure above 
the coarctation maintains normal renal blood flow has 
been compared with Goldblatt hypertension. There is one 
important difference between the two hypertensions. The 
kidneys have to share the blood flow getting through the 
coarctation. For example, the great flaw demand that 
suddenly arises from strenuous muscle activity can in- 
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crease the need from less than 800 mL/min to as much as 
5,000 to 8,000 mL/min [83]. To meet this need during 
exercise in a tight stenosis, a great increase in the systolic 
blood pressure occurs above the coarctation to as much as 
360 mm Hg. If the pressure increase above the coarctation 
fails to meet the flow needs of the exercising muscles 
below, are there other adaptations present that can ration 
the volume of blood that gets through the coarctation and 
through the collaterals to supply this demand? A part of 
this needed diversion to the muscle occurs directly to the 
muscles of the trunk and upper abdomen by the large 
collaterals, which may further reduce the blood volume 
available for the distal aorta. 

Shunting of blood to structures of great need is a 
mechanism found in both physiological and pathological 
states. During exercise, there is a shift of blood to muscles 
to meet short-term needs. In heart failure and low-volume 
shock, Elood may be shunted to the heart and brain from 
the kidney, the gastrointestinal tract, and the extremities. 
One of the most interesting examples of physiological 
shunting of blood to the site of greatest need is found 
among diving animals, in which blood flow to muscle, 
gut, and kidney is nearly all shunted to the heart-brain 
axis [84-86]. Weddell seals can actively search for food 
while submerged for as long as an hour. Folkow and 
co-workers [84] showed that in diving ducks, the arteries 
leading to the muscles but outside of them had high 
concentrations of adrenergic receptors. He believed that 
this mechanism permits the duck to reduce muscle blood 
flow by constriction of the large arteries despite the 
autoregulatory dilatation of the muscle’s arteriolar bed. 

One of the adaptations in coarctation during exercise 
could be a regional mechanism that would shunt blood to 
muscle from the kidney and gastrointestinal tract. Over 
the past several years, an array of substances have been 
found in the endothelium and the smooth muscle of the 
vessel walls that dilate and constrict the vessels and could 
play a role in this adaptation [87-91]. These include 
norepinephrine, angiotensin I and II, renin, and angio- 
tensin converting enzyme. Prostaglandin and both relax- 
ing and constricting endothelial substances are among the 
other paracrines and autocrines noted. These substances 
could be used for regulating regional flow by some 
mechanisms not yet understood. 

As an indicator of activity of these substances, plasma 
renin activity in some patients is elevated for 3 to 5 days 
after correction of the coarctation, whereas norepineph- 
rine levels are increased well above those found after 
other operations of the same magnitude. The hyperten- 
sion continues after the angiotensin level returns to-nor- 
mal, although the angiotensin converting enzyme inhibi- 
tors are still effective in controlling the blood pressure-and 
preventing the arteritis. 

The dramatic morphological change in the arteries 
below the coarctation after operation may reflect another 
adaptation of these arteries to the coarctation. Thenries 
explaining the pathogenesis of the arteritis in malignant 
and experimental hypertension fit the circumstances 
present after removal of the coarctation [92-101]. “Lhe 
sudden great increase in blood pressure in mafigmant 


Ann Thorac Surg 
1990;50:323-9 


hypertension is thought to cause the marked arteritis. In 
patients with coarctation, the arterial bed below the co- 
arctation has been protected from high systolic pressures. 
This suddenly changes when the pressure is greatly 
elevated. The vessels below the coarctation perhaps re- 
spond as the entire arterial system does in malignant 
hypertension. This explanation leaves one with a degree 
of uncertainty. The increase in arterial muscle spasm is 
the principal cause of the hypertension. The spasm then 
becomes intense and persistent enough to cause ischemia 
of the arterial wall, followed by the severe changes. In 
coarctation, the destructive spasm only occurs below the 
coarctation in vessels conditioned or adapted to a greater 
capacity to respond. 

The adaptation needed to make certain that distal 
exercise muscle flows are adequate could be activated by 
the removal of the coarctation in those patients with the 
second hypertensive response. If the theory is correct, the 
persistently elevated norepinephrine level and transiently 
elevated angiotensin II level may be indicators of this 
response. This mechanism can be shut down by sub- 
stances that relax spasm of the arterial muscle and block 
the action of norepinephrine and angiotensin II. That this 
response is self-limited is shown by failure of the hyper- 
tension to recur after medication is stopped and the 
limited course that it runs in other patients not given 
specific medication. 


Conclusion 


Coarctation of the aorta can cause a series of complex 
cardiovascular responses, all adapted to maintaining the 
needed blood flow to organs below the stricture. Opera- 
tion disrupts these adaptations and may cause two para- 
doxical hypertensive responses. 

The presence of collaterals around the coarctation is the 
first adaptation. This may be all that is needed in many 
patients. 

The second adaptation, similar to Goldblatt hyperten- 
sion; causes an increase in the blood pressure above the 
coarctation to a level that maintains blood flow adequate 
for optimal kidney function. 

The third adaptation is the high set of the carotid and 
aortic baroreceptors. An increase in blood pressure occurs 
for afew hours after operation until the baroreceptors are 

setata lower level. 
© Tè fourth adaptation is a theoretical one. The arterial 
` system contains a regional mechanism that during exer- 

cise Shunts most or all of the blood reaching the distal 

aorta.to the muscle. When the coarctation is removed, a 
~ signal-is read indicating the start of exercise. After oper- 
ation the mechanism does not shut off and remains in 
` effectuntil the arterial system below the resected coarcta- 
‘tiort virtually destroys itself. 

Despite the still large gaps in our knowledge about 
these-illogical hypertensive responses, an empirical ap- 
proach: to them_years ago led to their near-absolute 
‘conttaf This has eliminated the chance for more detailed 
stadyrof its most interesting aspect, the sevére regional 
arteritis. 
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Repair of Thoracic Dissections 
To the Editor: 


In February 1989, we reported treating the ascending aorta with 
25% glutaraldehyde solution before graft insertion in patients 
with type A thoracic aortic dissections [1]. Since the report, we 
have operated on 5 additional patients without technical diffi- 
culty in the same manner described in our report. However, we 

` have recently encountered a serious complication that may have 
been related to glutaraldehyde usage. We wish to bring this 
problem to the readership’s attention. 

On January 28, 1990, a 65-year-old patient underwent resection 
of the ascending aorta from 5 mm above the coronary ostia to the 
mid transverse arch for an acute type A thoracic dissection. After 
the resection was completed, the proximal and distal ends of the 
remaining aorta were treated for 7 minutes with 25% glutaralde- 
hyde-soaked cotton balls. The graft was sewn in place and the 
patient came off cardiopulmonary bypass without difficulty. 
However, the patient could not be weaned from positive- 
pressure ventilation and required tracheostomy on the 14th 
postoperative day. Three months later, we are still unable to 
wean the patient from the ventilator. We performed a phrenic 
nerve conduction study and found that when the phrenic nerves 
were stimulated percutaneously in the neck, neither diaphragm 
moved. In the laboratory, we found that when the phrenic nerve 
came in contact with 25% glutaraldehyde solution for 4.5 min- 
utes, the nerve lost its ability to conduct. Conduction did not 
return 1 hour later when the experiment was terminated. 

In the patient in question, we believe that the glutaraldehyde 
may have come in contact with the phrenic nerves as they pass 
around the aortic arch and caution that it is essential to protect 
the phrenic nerves with Silastic sheeting or some other form of 
impermeable barrier while applying the glutaraldehyde to the 
distal ascending aorta or aortic arch. 


Graeme L. Hammond, MD 


Department of Surgery 

Yale University School of Medicine 
333 Cedar St, PO Box 3333 

New Haven, CT 06510-8062 
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Postoperative Drainage and Pericardial Effusion 
To the Editor: 


We read with interest the paper by Smulders and associates [1] 
showing that the incidence of postoperative pericardial effusion 
was not reduced by prolonging chest tube drainage time. We 
wish to draw attention to a similar recent study from our 
previous institution [2], where the criteria for drainage tube 
removal were standard but the placement of drainage tubes was 
not. Patients had either a single anterior mediastinal drainage 
tube or a posterior pericardial and an anterior mediastinal drain- 
age tube. We found that posterior pericardial effusion was 
significantly more common in those with a single anterior chest 
tube, and in addition these patients had a significantly higher 
incidence of jate postoperative tamponade. We therefore suggest 
that although duration of chest drainage may not alter the 
incidence of postoperative effusion, the positioning of drainage 
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tubes may alter the incidence of both postoperative effusion and 
late cardiac tamponade. 


Alan ]. Bryan, FRCS 


Papworth Hospital 
Cambridge, UK 


Gianni D. Angelini, MD, MCh, FRCS 


Northern General Hospital 
Sheffield, UK 
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Reply 
To the Editor: 


In their paper, Angelini and co-workers convincingly demon- 
strated the risks of using only a single drainage tube placed in the 
anterior mediastinum. We agree that it is much safer to use both 
a posterior pericardial and an anterior mediastinal drainage tube. 
This conviction partly originates in our observation that, during 
the postoperative course, the pericardial and mediastinal drains 
often show completely different output patterns. This suggests 
that clots and/or newly formed fibrinous adhesions may soon 
separate the posterior pericardial and the anterior mediastinal 
space. This may happen even more readily if the pericardium is 
(partly) closed, which is recommendable because it facilitates 
possible reoperation and because the closed pericardium can act 
as a barrier against infection during the postoperative period. 
However, we feel that even if the pericardium is left open, a 
posterior pericardial chest tube is necessary to ensure the drain- 
age of fluid accumulating behind the heart when the patient is in 
supine position during the early postoperative course, and thus 
to reduce the incidence of postoperative pericardial effusion and 
the risk of cardiac tamponade. 


Yvo M. Smulders, MD 
Adrian C. Moulijn, MD, PhD 
Jacques J. Koolen, MD, PhD 


Academic Medical Center 
Meibergdreef 9 1105 AZ 
Amsterdam, The Netherlands 


Coronary Artery Bypass Grafting Without Splenectomy 
To the Editor: 


It was with considerable interest that I read the presentations of 
Thompson and associates [1] and Koike and colleagues [2] in 
consecutive issues of The Annals. Thompson and colleagues 
demonstrated the safety of performing cardiac operations in 
patients with idiopathic thrombocytopenic purpura (ITP) without 
prophylactic or concomitant splenectomy. On the other hand 
Koike and colleagues espoused simultaneous cardiac surgery and 
splenectomy “as an ideal surgical procedure” for ITP patients 
based on success with their patient. 3 

As attested to by the cited references of these two papers the 
world’s literature is not flooded with advice on how to handle the 
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ITP patient in need of cardiac surgery. Having borne personal 
witness to the patient presented in Dr Thompson’s paper, I drew 
from this experience in the following case. 

A 53-year-old woman underwent cardiac catheterization for 
atypical chest pain and a borderline stress test. She had chronic 
ITP diagnosed 6 months previously. At the time of her cardiac 
catheterization she had been off steroids for 2 months and her 
platelet count was 65 X 10°/L. During the procedure the left main 
coronary artery was dissected, extending down both the left 
anterior descending and circumflex coronary arteries with sub- 
sequent severe chest pain, S-T segment elevation, and cardio- 
genic shock. She underwent emergency coronary artery bypass 
grafting with reverse saphenous vein grafts to the left anterior 
descending coronary artery and an obtuse marginal branch of the 
circumflex. One gram of methylprednisolone was given intrave- 
nously before the induction of anesthesia. After cardiopulmo- 
nary bypass and the administration of protamine, 12 units of 
platelets and 0.3 pg/kg of arginine vasopressin were adminis- 
tered intravenously. An attempt to give y-globulin as described 
by Schmidt [3] was aborted with less than half the calculated dose 
given because of induced hypotension. The first platelet count 
postoperatively was 130 x 10°/L. There was no excessive bleed- 
ing. The platelet count remained greater than 100 x 10°/L with 
continued steroid dosage, which was slowly tapered after 2 
weeks. l 

This patient now represents the third reported ITP patient 
undergoing coronary artery bypass grafting without splenec- 
tomy. In view of this and the fact that not everyone with ITP 
requires splenectomy it is difficult to categorize concomitant 
CABG and splenectomy as “ideal.” These patients certainly pose 
the risk of hemorrhagic complications, but I believe their treat- 
ment has to be individualized. Preoperative in vivo assessment of 
platelet dynamics as performed by Thompson and associates is 
certainly worthwhile as is assessment of steroid response. Sple- 
nectomy should be reserved for those who demonstrate a bleed- 
ing problem after platelet transfusion and steroids, and throm- 
bocytopenia is the culprit. 


Greg A. Bowman, MD 


Thoracic Surgery Service 
Brooke Army Medical Center 
Fort Sam Houston, TX 78234 
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Reply 
To the Editor: 


Doctor Thompson and associates [1] indicate that use of cardio- 
pulmonary bypass in patients with ITP does not invariably 
mandate splenectomy. It is a fact that corticosteroid or massive 
y globulin administration offer clinical remissions, and not every- 
one with ITP requires splenectomy. Splenectomy should be 
indicated in some patients with chronic ITP in whom such a 
medical therapy is not effective. 

In our patient [2], aggravation of angina pectoris was induced 
by preoperative y-globulin administration, but the increase in 
platelets was not enough. He also experienced ventricular ar- 
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rhythmia during coronary angiography due to contrast media 
injection. His coronary artery was considered to be very sensitive 
to increased blood viscosity caused by massive y-globulin, con- 
trast media, or the increase in platelets. The patient's status was 
chronic and did not respond to medical therapy. Splenectomy as 
well as coronary revascularization was considered to be neces- 
sary for him. 

We thought that a one-stage operation was convenient for the 
patient because he could resume his normal life and return to 
work after a few months, instead of returning to the hospital for 
a second operation, splenectomy. 

Considering his younger age, we performed the one-stage 
operation of coronary revascularization using arterial grafting 
and splenectomy, although there was no previous report. We 
have preferentially been performing a gastroepiploic artery-right 
coronary artery anastomosis instead of using the right internal 
mammary artery. The dissection and division of the gastroepi- 
ploic artery, however, does not compromise the organs in the 
abdomen from our clinical experience. Splenectomy itself is not a 
serious invasion as coronary revascularization using the splenic 
artery has been reported [3]. 

Of great importance is the choice of conduit in such a patieni: 
vein graft or arterial graft? Victorzon and co-workers [4] reported 
that not only native coronary artery but also saphenous vein 
revealed hyperconstriction in response to endogenous serotonin 
released from circulating platelets. Homcy and associates [5] 
reported that long-term administration of steroids made saphe- 
nous vein fragile. In the patients on steroids with platelet 
disorders, saphenous vein may be highly occluded. So, arterial 
graft should be the graft of choice. 

We emphasize that GEA grafting is very convenient for revas- 
cularization in the patients requiring laparotomy as described 
above. 


Ryu Koike, MD 


Department of Thoracic Surgery 
Osaka Medical College 

2-7 Daigakucho, Takatsukishi 
Osaka 569, Japan 
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Closed Chest Cardiac Massage 
To the Editor: 


I read with interest Classics in Thoracic Surgery, “The Introduc- 
tion of Closed Chest Cardiac Massage,” by Steven F. Bolling [1]. 
When I read it my memory flew back to around 1958 when Dr 
Hugh A. Stout stopped me in the hallway of Mercy Hospital in 
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Oklahoma City to tell me about what he thought would be a very 
important contribution to the general field of medicine. He 
described to me cardiac massage without incision and referred 
me to his paper [2]. I was introduced by Dr Hugh Stout to closed 
cardiac massage before it was systematized by Dr William Kou- 
wenhoven. I will quote a few passages from the article by Dr 
Stout [2]. 


What I hope to propose here is something more physio- 
logically sound, more effective and something that should 
produce better long-term good results than kneading 
hearts. 

. . -and that the entire problem can be approached more 
sanely and more scientifically . . . 

. . , encounter with cardiac arrest in my own office. We 
were in the process of doing a sternal bone marrow 
aspiration on a young adult who had been previously in 
good health except for a moderate anemia for some 
months, with hemoglobin levels ranging from 7.5 to 10 
grams and poor response to usual therapy . . . 

The above mentioned patient suddenly seemed to die 
while the pain was at its worst because the head fell to one 
side, the heart stopped beating, and respirations were not 
coming back while we tried elevation of the feet and 
artificial respiration compressing the thoracic cage. The 
patient was lying on his back and it occurred to me from an 
experiment which I had seen Doctor Krogh demonstrate in 
1938, that something much better might be done. Doctor 
Krogh showed that almost a gallon of blood will gravitate 
into the legs when the feet are inclined downward while 
the patient is lying on a table on his back, as demonstrated 
by later inclining the head downward and the feet up. ' 

I therefore put my right arm under the patient’s knees 
and jack-knifed the patient, thrusting the knees up into 
the epigastrium and on to the lower chest, actually rocking 
the hips up off the table with buttocks higher than the 
heart. 

By using a knee-pumping action, then, pressing the 
knees together and pressing the thigh muscles against the 
abdomen and lower chest, then relaxing the knees to 
vertical, and the back to horizontal position, one can 
continue this knee-pumping action at sixty or more times 
per minute and not only dilate the heart from the inside 
with a bellows-type action, but throw columns of pressure 
also up the aorta into the arch where the cardiac nerve 
plexuses are located with afferent sympathetic stimuli 
being made available to the vasomotor center of the brain, 

... but so far, I have not been able to find in the 
literature any description of this particular technique for 
revival after cardiac arrest. The usual procedure is to stick 
needles into the patient’s heart, or nowadays to make a 
sudden incision over the heart, thrust the hand between 
the ribs and massage the heart, and rarely when available 
use an electrical stimulator. 

One man recently has tried hammering on the chest 
with success, although personally this does not seem to 
me to be the most logical method of revival. 

The brain can do without its blood supply for at least 
four minutes and return to normal so that there is plenty 
of time to use a method other than surgical massage. 

At least some standardized exercise should be recom- 
mended and automatically tried in a sufficient number of 
cases to become a standard procedure, preceding manual 
massage, and I would like to recommend the method 
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proposed here, at least as a preliminary measure until 
some more scientific and constantly reliable method is 
established. 


So, it is my feeling that the introduction of closed cardiac 
massage should be attributed to Dr Hugh A. Stout, fully ac- 
knowledging Dr Kouwenhoven’s later contribution. 


Nazih Zuhdi, MD 


Oklahoma Transplantation Institute 
3300 Northwest Expressway 
Oklahoma City, OK 73112-4481 
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To the Editor: 


I read with great interest the historical review by Bolling [1] 
regarding the pioneering work of Kouwenhoven on closed chest 
cardiac massage. Although Kouwenhoven’s work is certainly a 
milestone and the first evaluation of the method, to keep an 
appropriate historical perspective one is obliged to mention the 
case published in the October 24, 1858, issue of the Orvosi Hetilap 
from the pen of Janos Balassa [2], at the time Professor of Surgery 
at the University of Pest, Hungary. 

In his paper, Balassa reports that on October 4, 1858, he was 
urgently summoned to the bed of an 18-year-old woman suf- 
fering from ulcerated laryngitis. While making preparations for a 
tracheotomy, Balassa witnessed the clinical death of the patient: 


. . . She lifelessly collapsed, her tense shoulders and arms 
became flaccid, her cyanotic face became a mask of death, 
her chest did not move any more and the pulsation of the 
arteries and heart ceased. The fearful thrust of the last and 
painful breath transformed her from living into death and 
made seemingly any further try and endeavor hopeless; 
but still her demise was so recent that it would have been 
a dare not to do everything possible to restore the breath 
ceased and to try to recall the life just passed! Therefore, I 
hastily pierced the ligament between the thyroid and the 
conoid cartilage—ligam conoideum—and inserted a 
Thompson tracheostomy instrument ... At the same 
time, I exerted bellows-like rhythmic pressure to the front 
of her chest imitating breathing. While air entered the 
lungs with a sharp whistling sound, I splashed quickly 
fresh water into the face of my patient and held a vinegar 
dipped cloth in front of the opening on the tracheostomy 
tube. Close to six minutes passed without her moving at 
all and without the slightest signs of life. With my hopes 
lost I was close to suspending further attempts when she 
rejoiced me with a hasty and spontaneous sigh-like inspi- 
, ration which was supported by the movement of my hand. 
This was followed by a second and third breath, and from 
the struggle of death life began to smile at us. After that 
her breathing became regular, heartbeat and pulses re- ` 
turned, the dark blue color of the face faded gradually, and 
her death-like expression changed into joyful appearance 
of life; and when, after 15 minutes, through which she 
remained unconscious, I called the patient loud by name, 
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she lifted her heavy eyelids and signalled the return of her 
consciousness with a feeble smile [2]. 


I believe that the words of Balassa conclusively prove that he 
indeed resuscitated his patient with external heart massage. 


Francis Robicsek, MD 


Department of Thoracic and Cardiovascular Surgery 
Charlotte Memorial Hospital and Medical Center 
Post Office Box 32861 

Charlotte, NC 28232-2861 
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Pediatric Heart Transplantation 
To the Editor: 


We note with interest the experience of pediatric heart transplan- 
tation reported by Trento and associates in a recent edition of The 
Annals [1]. We have concerns, however, about their postopera- 
tive mortality and incidence of late complications. At our institute 
we have performed 10 heart transplantations on children aged 6 
to 17 years (mean age, 13 years). Eight survive at 0.7 to 5.3 years 
after operation (mean, 3.5 years). Actuarial survival at 1 and 4 
years was 80%. Two deaths occurred at 9 and 64 days from acute 
rejection and a cerebrovascular event, respectively. All 8 survi- 
vors enjoy an unrestricted life style and none have evidence of 
serious coronary occlusive disease on follow-up coronary angi- 
ography. One patierit experienced an Epstein-Barr virus-related 
lymphoma, which was successfully treated with acyclovir and 
reduction in immunosuppression. Mairitenance immunosup- 
pression was with cyclosporine and azathioprine. Steroids were 
used continuously in the first 3 postoperative months and 
thereafter only for the treatment of rejection episodes. The dose 
of cyclosporine was adjusted to maintain whole blood cyclospo- 
rine levels between 200 and 500 ug/L (specific monoclonal assay). 
This was associated with mild elevation of the serum creatinine 
level in all patients (mean creatinine levels at 2 and 4 years after 
transplant were 1.44 mg/100 mL and 1.63 mg/100 mL, respective- 
ly). 

Although our series is smaller, these data differ considerably 
from those of Trento and associates, who reported an actuarial 
survival at 6 years of 36%. Also, 50% of their patients were found 
to have graft-related atherosclerosis at 3 years. We noted that all 
patients in the Pittsburgh series required continuous steroid 
therapy because of recurrent rejection, but the cyclosporine dose 
was reduced substantially after 6 months. We suggest that at 
least in part these differences can be attributed to our improved 
management of immunosuppressive therapy. We accept some 
degree of renal impairment as an inevitable consequence of 
improved graft and patient survival, which is of particular 
importance when extending this form of therapy to children. 


Rosalind L. Smyth, MRCP 
John P. Scott, FRACP 

Paul Mullins, MRCP 

Paul Schofield, MD, MRCP 
Stephen R. Large, FRCS 
John Wallwork, FRCS 
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Heart-Lung Transplant Research Unit 
Papworth Hospital 

Papworth Everard 

Cambridgeshire CB38RE 

England 
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Reply 
To the Editor: 


Obviously I am quite pleased and impressed with the results that 
Smyth and colleagues are reporting. I think that one of the major 
differences between our experience and that of Papworth Hospi- 
tal is that we presented a series of heart transplantations in 
pediatric patients dating from 1982, and at least some of the 
deaths reflect a learning curve in immunosuppressive therapy 
regimens early in our experience. Regarding the incidence of 
coronary artery disease in their patient population, I suppose that 
they documented the absence of coronary disease with yearly 
coronary angiography in each of their patients, as we did. We 
define coronary artery disease as any degree of angiographically 
detectable coronary lesion. I do not think that we can derive any 
conclusion on the etiology of this complication from their expe- 
rience as compared with ours. Finally, I am pleased to see that 
other groups have very good results and survival rates with 
pediatric patients, as has also been our experience more recently. 


Alfredo Trento, MD 


Heart Transplant Program 
Cedars-Sinai Medical Center 
8700 Beverly Blvd 

Los Angeles, CA 90048-1869 


Internal Mammary Artery Marker 
To the Editor: 


For a number of years, surgeons have used the internal mam- 
mary artery (IMA) as the conduit of choice for bypass of the left 
anterior descending coronary artery, and frequently as a sequen- 
tial graft including the diagonal coronary artery. As time passes, 
more and more patients are being seen for reoperation with all of 
their saphenous vein grafts closed and the viability of their 
myocardium dependent on a patent IMA graft. Reoperation is 
particularly hazardous in this group of patients, as unintentional 
division of the IMA in this setting can be rapidly fatal. 

I wish to report a technique that I have used for several years 
to aid in this situation. After completing the anastomosis of the 
IMA to the left anterior descending coronary artery, we take the 
radiopaque marker from a 4 x 4+inch gauze sponge and secure it 
with small clips to thé right lateral edge of the IMA pedicle. This 
serves a dual purpose: first, the radiopaque marker allows a 
subsequent surgeon to analyze the position of the IMA pedicle on 
the posteroanterior and lateral chest roentgenogram and antici- 
pate its relation to a subsequent repeat sternotoiny incision, and 
second, the surgeon will encounter the blue marker in the scar 
tissue before being able to divide the IMA during the dissection. 
I have had the opportunity to reoperate on 2 patients in whom I 
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had previously marked the IMA with this technique. I found it to 
be a substantial aid in avoiding damage to the patent IMA graft. 


E. Ross Kyger III, MD, PA 


Thoracic & Cardiovascular Associates of 
East Texas—Lufkin & Nacogdoches 

609 S John Redditt Dr 

Lufkin, TX 75901 


Vein Graft Permeability 
To the Editor: 


The interesting article by Finck and co-workers [1] in the Novem- 
ber 1989 issue of The Annals describes measurement of whole- 
tissue radioactivity (counts/g/5 min) of autologous internal jugu- 
lar vein used as a carotid artery bypass graft in 9 dogs, compared 
with the ipsilateral internal jugular vein in animals killed 24 hours 
after injection of label at 1, 2, and 3 months. Further evidence of 
changes in the arterialized vein are provided by scanning electron 
microscopy (Fig 2B shows what seem to be three activated 
platelets, not mentioned in the caption or text) and by staining 
with Evans blue dye. Not mentioned in the Materials and 
Methods section is whether tissue counts were corrected for 
labeled plasma in the specimens by serial sampling of the blood 
after injection of label. Finck and co-workers have commented on 
the wide range of values within each group, and the inability to 
conclude whether radioiodinated albumin uptake was truly in- 
creasing with time. Using the published values for plasma 
volume in the dog [2], the range of plasma volume in the animals 
in this study would be 950 to 1,500 mL, an unknown fraction of 
which was in the tissue vascular space, which may explain the 
wide range of values. It would be helpful to know whether tissue 
radioactivity was corrected by estimates of unbound "I, and 
how the time interval of 24 hours for equilibration of exchange- 
able albumin pools was selected; in humans, this has been 
reported to be 4 to 5 days [3]. 

We have had a similar interest, and have found increased 
125]-labeled albumin flux into human saphenous veins distended 
at operation in comparison with the same vein before distention 
[4, 5], and will follow the future work of Finck and co-workers 
with interest. There is a typographical error in Table 1; the mean 
difference between graft and control in animals 7 through 9 
should be 3.67, not 3.77. 


John H. Kennedy, MD 


Department of Molecular Physiology 
AFRC Institute of Animal Physiology and Generics Research 
Babraham, Cambridge, England CB2 4AT 


Alain Tedgui, PhD 


INSERM 141 
41 Bld de la Chapelle 
75475 Paris, France 


Armand Piwnica, MD 


Cardiovascular Surgery 
Hopital Lariboisiere 

2, rue Ambroise-Pare 
75010 Paris, France 
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Reply 
To the Editor: 


We thank Drs Kennedy, Tedgui, and Piwnica for their interest in 
our recent article. Tissue counts were not corrected for labeled 
plasma in the specimens. Serial sampling of the blood after the 
injection of the label would have allowed calculation of the influx 
rate of abumin into the vein wall (tissue radioactivity divided by 
specific ectivity of serum albumin) [1]. Expressing the results in 
this marmer might have narrowed the range of results within 
each group of dogs. However, because of the small number of 
dogs in 2ach group, we doubt whether any conclusions could 
have been drawn about increases in endothelial permeability 
with time. 

We chose to harvest our vein grafts 24 hours after administra- 
tion of Evans blue dye and '°I-labeled albumin. This was done, 
in part, because of our previous experience and work by others 
with Evens blue dye uptake by arterial endothelium [1, 2]. We 
also chese the 24-hour interval because of reported stable serum 
iodinated albumin activity at this time [2]. 


Sanford | Finck, MD 


Mayo Clric Jacksonville 
Jacksonvi.le, FL 32224 


Jay P. Mashburn, MD 


Bruce A. Kottke, MD 
Thomas A. Orszulak, MD 


Mayo Ciinic and Mayo Foundation 
Rochester, MN 55905 
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Is Systemic Cooling Essential for Open Heart Surgery? 
To the Editor: 


Doctor 3igelow had a dream: “cool the whole body, reduce 
oxygen cequirements, and interrupt the circulation and open the 
heart” [1]. His dream led to open heart surgery. Today, however, 
with retined anesthesiology techniques and pump oxygenator 
systems. cooling the whole body appears superfluous. It would 
suffice t> cool the heart for myocardial protection by infusion of 
cold cardioplegic solutions. We do not use the cooler of the heat 
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exchange unit. Only the heater is used to correct the spontaneous 
temperature drift. The technique has contributed to decrease 
pump time, need for vasodilators, postoperative ventilation, and 
incidence of arrhythmias. Is core cooling necessary today? It 
appears to be necessary only when there is a need to protect the 
brain as in operations on the aortic arch. 


Solomon Victor, FRCP, FRCS 
M. Kabeer, MD 


The Heart Institute 

15, East St 

Kilpauk Garden Colony 
Madras 600 010, India 
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Organ Procurement for Pulmonary Transplantation 
To the Editor: 


We read with great interest the excellent article on organ pro- 
curement for pulmonary transplantation written by M. Zenati 
and collaborators [1]. On our side, before starting lung transplan- 
tation, we studied the problems of lung donor selection and 
maintenance when harvesting heart, liver, and kidneys from 
brain-dead donors [2]. In one year (1986) we reviewed the lungs 
of 25 donors: 14 had died after a traffic injury (mean age, 23.8 
years), 6 from a brain wound (mean age, 32 years), and 5 froma 
spontaneous cerebral hemorrhage (mean age, 37 years). 

Lung biopsies were performed after other organs were har- 
vested, the ventilation having been stopped for between 45 and 
90 minutes (mean time, 70 minutes). All lungs had small areas of 
atelectasis and edema, especially in the dorsal and basal parts. 
Upper and lower lobes were biopsied. 

Nineteen donors, whose mean age was 29 years, had a 
macrophagic alveolitis with presence of dust due to tobacco- 
smoking and environment; 6 donors had none of these aspects, 
and their mean age was 21.7 years. Nineteen had emphysema- 
tous lesions considered consequences of ventilation; the ventila- 
tion time was 16.4 hours versus 13.7 hours for the patients 
without such lesions. Atelectasis was observed in 6 donors, with 
no correlation with age, cause of death, or duration of ventila- 
tion. Three donors had a bronchopulmonary infection (in 1 case 
gastric fluid had been inhaled). Mean time of ventilation was not 
greater in these cases: 15.6 hours versus 15.2 hours. There was no 
correlation between the cases of infection and results of a 
systematic tracheobronchial bacteriological study. 

In 17 donors interstitial vascular alterations produced by shock 
and subsequent edema were detailed: interstitial or alveolar fluid 
accumulation (15), lymphatic stasis (10), intracapillary infiltration 
of polymorphonuclear lymphocytes or monocytes (133, and 
thrombosis (9). Six lungs out of 17 had the four types of lesions. 
Mean duration of ventilation was 16.3 hours for these 17 donors 
versus 12.9 hours for the 8 donors who had no such lesions. No 
donor with a brain wound had such lesions. These 17 donars had 
been more perfused (170 mL/h difference), and the most severe 
lesions corresponded with the highest blood products/crystal- 
loids ratio (0.582 versus 0.184, p < 0.01). 

When selecting a donor for lung transplantation, one must 
answer two questions: are there pulmonary lesions preventing 
transplantation, and are there criteria to predict them? Lesions 
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that are produced by tobacco smoking or environment are similar 
to those found in a population comparable for age and habits. 

In 90% of cases potential donor lungs have lesions that are in 
relation with the cause of death and conditions of intensive care. 
Bronchial inertia and decrease of alveolar macrophage properties 
is observed in 25% of cases. Bacterial infection of the trachea is 
constant; bronchioalveolar infection is less frequent (12% in our 
series). The rate of traumatic emphysema (80%) can be decreased 
by better technique of ventilation. Edema is due to the surfac- 
tant’s degeneration and changes in microcirculation. Mainte- 
nance of hemodynamics and diuresis can aggravate these le- 
sions. Serum albumin and plasma can contribute to them, 
increasing alveolar capillary permeability. As far as the lung is 
concerned, management of donors should include antidiuretic 
hormones in cases of excessive diuresis (200 mL/h) to avoid 
excessive intravenous fluid intake, and vasopressive amines at 
moderate doses as well as concentrated blood and crystalloids in 
cases of hemorrhage to keep sufficient pulmonary arterial pres- 
sure without edema. Should edema appear, fluid administration 
must be reduced and diuretics must be used. In conclusion, apart 
from unavoidable conditions, lung procurement should aim at a 
shorter duration of ventilation when possible, and at a hemody- 
namic management based more on cardiac status and blood 
pressure than on vascular repletion and diuresis. 


M. E. Ribet, MD 
F. R. Pruvot, MD 


Thoracic Surgery 
Hôpital Calmette 
C.H.U. 

F. 59037 Lille Cedex 
France 
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Reply 
To the Editor: 


Doctors Ribet and Pruvot offer some interesting observations 
regarding the microscopic appearance of lungs accepted for 
pulmonary donation. Ventilator injury and fluid overload were 
thought to be the causative factors. They do not, however, 
provide any evidence that their findings could be correlated with 
measurable changes in outcome after transplantation. Ventilation 
times quoted ranged from 12 to 16 hours, which is considerably 
less than the 1- to 2-day average ventilation times for our donor 
population. 

Ventilator-induced injury has not been a factor in our program. 
Although prolonged ventilation should be avoided, we would 
disagree that short periods of ventilation are necessarily desir- 
able. We have found serial determinations of oxygenation to be 
very useful in identifying potential donors who appear to be 
acceptable early on but then manifest previously occult damage 
as evidenced by a deterioration in arterial oxygenation. 

Most donors today must be managed for multiple organ 
donation with conflicting requirements for fluid and pharmaco- 
logical support. With regard to the lungs, we accept systemic 
systolic blood pressures of 100 mm Hg and attempt to maintain 
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this level with judicious use of both crystalloids and vasopres- 
sors. Diabetes insipidus is usually managed with vasopressin. 
As our experience with organ procurement has grown, we 
have modified donor selection criteria to reflect variables identi- 
fied to have significant impact on recipient survival. Our most 
recent change involves antibiotic prophylaxis to the donor and 
recipient following our discovery of the importance of donor 
mouth flora in the development of early thoracic infection after 
transplantation [1]. To further modify ventilator and fluid man- 
agement of potential donors without sufficient proof is not 
practical given the varied nature and location of the hospitals 
providing donors for our pulmonary transplant program. 


Bartley P. Griffith 


Division of Cardiothoracic Surgery 
University of Pittsburgh 
Pittsburgh, PA 15261 
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Hypoxemia During Cardiopulmonary Bypass 
To the Editor: 


We agree that hard data on oxygenator problems and accidents 
are scarce and a database should be set up. However, the 
following points should be noted regarding the report by Robblee 
and associates [1]. In general, if gas flow becomes interrupted, 
diverted, or reduced below a minimum then whatever fluid is 
present immediately above the gas disparger plate will enter the 
gas compartment by gravity. Once there, any liquid or solid 
phase material will affect predictability and stability of gas 
exchange. Manufacturers recommend contir.uous running of gas 
at approximately 1 to 1.5 L/min to prevent this occurring. If 
ingress occurs before bypass, clear liquids may be blown through 
with high gas flows; if this is nat 100% effective the oxygenator 
must be changed. We consider the likely cause of the problem to 
have been interruption of the gas flow after the first bypass. It is 
a useful safety measure to maintain gas flow until the circuit is 
dismantled. 

When the manufacturers’ recommendations have been 
flouted, it is meaningless to blame the mannitol even if condi- 
tions are recreated experimentally. 

We encountered a somewhat different problem during a rou- 
tine coronary artery operation. Shortly after completion of the 
first distal anastomosis an audible hissing developed. Arterial 
oxygen tension was then 29.4 kPa. Connections were checked 
but the hiss continued and arterial return blood darkened visibly. 
Within 8 minutes the oxygenator (William Harvey H 1700) had 
stopped bubbling. The patient by this point had been reventi- 
lated and bypass was stopped easily at 35°C with a systolic blood 
pressure of 95 to 100 mm Hg and no inotropes. The oxygenator 
was changed, the operation completed, and the patient extu- 
bated at the end of the procedure. There was no neurological 
deficit. Careful inspection revealed a circumferential crack in the 
Luer fitting on the gas line that had allowed blood to enter the gas 
compartment. 

We consider it fortunate that the operation was being carried 
out at near normothermia using an intermittent fibrillation tech- 
nique; this allowed quick recovery and easv cessation of bypass. 
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We emphasize that interruption of the gas supply from what- 
ever cause will allow liquid into the gas compartment and may 
cause rapid failure of bubble oxygenators. 


Philip Belcher, MB, BS, FRCS 
Robin Jones 


Department of Cardiothoracic Surgery and Heart/Lung Department 
Brompton Hospital 

Fulham Rd 

London SW3 6HP 

England 
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Inadequate Flow of the Internal Mammary Artery: 
Another Complication of Sternal Overretraction 
To the Editor: 


The internal mammary artery is universally accepted as the 
conduit of choice for patients undergoing coronary artery bypass 
grafting. The use of the left internal mammary artery (LIMA) is 
recommended in almost all patients. The LIMA is harvested in 
the standard fashion by completely mobilizing the pedicle up to 
the subclavian vein and dividing all the branches. Flow is usually 
checked immediately after mobilization to decide if the LIMA is 
to be used as a pedicle or as a free graft. 

We recently encountered a patient who had excellent flow of 
his LIMA after mobilization. The mammary artery was prepared 
and put in a papaverine sponge to be used later. After two distal 
vein graft anastomoses, the LIMA to left anterior descending 
coronary artery anastomosis was performed. Just before the 
completion of the anastomosis the bulldog clamp was released 
and no mammary artery flow was observed. The vessel was 
gently probed past the clamp site without evidence of spasm, 
obstruction, or dissection and without obtaining any blood flow. 
We therefore decided to use the LIMA as a free graft. The artery 
was cut proximally and saline solution was instilled in the 
antegrade fashion without a problem. Of note is that the proxi- 
mal cut end of the LIMA still did not bleed. After completion of 
the aortic anastomosis the cross-clamp was released. Normal 
sinus rythm was restored spontaneously and the patient was 
weaned from cardiopulmonary bypass. On closing the retractor 
massive bleeding was noted from the proximal cut end of the 
LIMA, which was then ligated. We concluded that the interrup- 
tion of blood flow from the LIMA was caused by overretraction of 
the sternum. This must have caused stretching and kinking of the 
LIMA at its origin from the subclavian artery. In retrospect the 
retractor was opened further at the time of the distal anastomosis 
and after flow through the LIMA was already checked. 

Reported complications of overretraction of the sternum in- 
clude avulsion of the innominate vein, stretching of the brachial 
plexus. and increased pulmonary inflation pressures. The pur- 
pose of this letter is to increase awareness of another possible 
complication of sternal overretraction, ie, interruption of LIMA 
flow. It seems logical that excessive retraction of the sternum may 
also decrease the flow in the LIMA. Consequently when LIMA 
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flow is measured, we recommend slightly closing the retractor 
before deciding that LIMA flow is unsatisfactory. 


Victor A. Jebara, MD 
Michael Acker, MD 
Christophe Acar, MD 
Jean-Noël Fabiani, MD 
Alain Deloche, MD 

Alain Carpentier, MD, PhD 


Department of Cardiovascular Surgery 
Hôpital Broussais 

96, rue Didot 

75014 Paris, France 


Sternotomy Infections in Infants 
To the Editor: 


We read with interest the recent report of treatment of median 
sternotomy infection and sternal necrosis in an infant by Drs 
Terranova and Crawford of the Medical University of South 
Carolina [1]. 

In 1988 we published a series of 8 infants with sternotomy 
wounds, 5 of whom underwent muscle flap reconstruction [2]. 
Their ages ranged from 1 to 10 months with each weighing 
between 3 and 7 kg. This series had been presented at the 
European Cardiothoracic Society Meeting in Vienna, Austria, in 
1987; The World Congress of Pediatric Cardiac Surgery in Ber- 
gamo, Italy, in 1988; and the American Society of Plastic and 
Reconstructive Surgeons in Atlanta, Georgia, in 1987. 

All patients underwent bilateral pectoralis major advancement 
flaps with 3 of the 5 patients requiring simultaneous use of a 
rectus abdominis muscle flap. We, too, have noted the diminu- 
tive nature of the muscle flaps and vascular pedicles that require 
loupe magnification for their elevation and bipolar electrocautery 
for safe but “assiduous” hemostasis. We have found, however, 
that the use of a cutaneous territory to form a musculocutaneous 
flap or the use of a split-thickness skin graft applied to the 
uncovered muscle as advocated by Drs Terranova and Crawford 
is not only unnecessary and more involved but aesthetically 
unpleasing. Mobilization of adjacent pectoral cutaneous flaps 
virtually always suffices for the completion of the closure over- 
lying the transposed muscular units. 

In reconstructing sternotomy wounds in female patients, how- 
ever, wide mobilization of such pectoral flaps is relatively con- 
traindicated to prevent damage to undeveloped breast buds. 
Therefore, in cases in which rectus abdominis flap(s) will suffice 
for the obturation of such wounds in female patients, a skin graft 
or skin island would help preserve otherwise undisturbed pre- 
sumptive breast tissue. 

We are encouraged by the appearance of this case report and 
other publications that have appeared subsequent to our publi- 
cation [3], as we feel that this modality of treatment is safe and 
efficacious in this age group. 


Richard S. Stahl, MD 
Gary Kopf, MD 


Sections of Plastic and Cardiothoracic Surgery 
Department of Surgery 

Yale University 

333 Cedar St, PO Box 3333 

New Haven, CT 06510-8062 
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Reply 
To the Editor: 


We acknowledge the report of Stahl and associates published in 
December of 1988 in Plastic and Reconstructive Surgery. Our case 
report was submitted for publication before this date, and we 
were unaware of it at the time. Our report additionally stressed 
the ease of a second operative procedure through the same 
median approach, a point not made in their article. 

We would agree that direct skin closure over the muscle flaps 
is to be preferred. In this situation, however, direct closure could 
be obtained only at the risk of flap viability. Therefore, a skin 
graft, although “aesthetically unpleasing,”” was necessary. 


William Terranova, MD 
Fred Crawford, MD 


Department of Surgery 

Medical University of South Carolina 
171 Ashley Ave 

Charleston, SC 29425-2271 


CORRECTION 


In the article entitled “Prostaglandin E, and intrapulmonary 
shunt in cardiac surgical patients with pulmonary hyperten- 
sion,” by Paul M. Heerdt, MD, PhD, and Carey I. Weiss, MD, 
published in the March 1990 issue of The Annals of Thoracic Surgery 
(1990;49:463-5), the formulas contained a printing error. The 
corrected formulas are as follows: 


CcO, = oxygen content of pulmonary capillary blood 
(Hb x 1.39)SAOQ + (PAO, x 0.0031) 


CaO, = oxygen content of arterial blood 
(Hb x 1.39)SaO, + (PaO, x 0.0031) 


CvO, = oxygen content of venous blood 
(Hb x 1.39)SvO, + (PvO, x 0.0031) 


PaO, = arterial oxygen tension; PAO, = oxygen tension of 
pulmonary capillary blood (from alveolar gas equation); 
PvO, = venous oxygen tension; SaO, = oxygen saturation of 
arterial blood; SAO, = oxygen saturation of pulmonary capillary 
blood; and SvO, = oxygen saturation of venous blood. 


The Annals regrets the error. 
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by the individual physician. 


1991 Annual Meeting of 


The Society of Thoracic Surgeons 


The 1990 meeting is an Interim Meeting to be held at the 
Hyatt Regency Chicago in Chicago, Illinois, September 
21-23, 1990. No abstracts are solicited for that program. 

The Twenty-seventh Annual Meeting will be held at the 
San Francisco Moscone Center in San Francisco, Califor- 
nia, February 18-20, 1991. 


APPLICATION FOR MEMBERSHIP 

(Deadline: September 1, 1990) 

Requests for application forms for membership in The 
Society of Thoracic Surgeons should be addressed to 
James L. Cox, MD, Chairman, Membership Committee, 
The Society of Thoracic Surgeons, 111 E Wacker Dr, 
Chicago, IL 60601. 

The completed application forms and supporting letters 
must be in the hands of the Membership Committee by 
September 1, 1990, for the applicant to be considered for 
election at the meeting in February 1991. 


CALL FOR ABSTRACTS 

(Deadline: September 12, 1990) 

Abstracts for papers to be presented at the 1991 Annual 
Meeting are now being accepted. The deadline for receipt 
of abstracts is September 12, 1990. An original and one 
copy should be submitted, using the official Society ab- 
stract form (on verso of this page), to Alexander S. Geha, 
MD, and Robert A. Guyton, MD, Co-Chairmen, Program 
Committee (Abstracts), The Society of Thoracic Surgeons, 
111 E Wacker Dr, Chicago, IL 60601. Additional forms 
are available upon request from The Society. Abstracts 
must summarize an original contribution not presented or 
accepted for presentation elsewhere. Abstracts must be in 
the hands of the Program Committee by September 12, 
1990. Abstracts received after the deadline will not be 
considered. It is requested that the covering letter indicate 
the author who is tc receive notice of acceptance or rejection 
and the author who will present the paper. 

The Thoracic Surgery Directors Association (TSDA) has 
established a Resident Presentation Award for 1991. Po- 
tential TSDA Resident Award abstracts must represent 
original work by the resident, who is to be first author and 
presenter. TSDA Resident Award abstracts may be directed 
to the regular Scientific Session or the Research Forum. 

Essayists are reminded that according to the bylaws of 
The Society, all papers accepted for presentation: (1) must 
be submitted in triplicate to the Secretary at the time of 
presentation or to the Editor of The Annals of Thoracic 
Surgery prior to presentation; and (2) become the property 
of The Society if they are accepted for presentation. 

It is well recognized that abstracts frequently belie their 
content by virtue of poor organization, and as a result 
valuable contributions to the Scientific Sessions may be 
unrecognized. It is important that methods and results be 
clearly defined in the abstract; therefore, general state- 
ments such as “results will be presented” are not accept- 
able. When a procedure or method is stated to have 
“advantages,” those advantages should be defined. Ab- 
stracts that simply summarize results without defining 
objectives and methods are equally undesirable. 


Speakers for accepted papers are limited to ten minutes. 


Instructions for Abstracts 

The official abstract form printed on verso of this page and 
available from The Society, or photocopies thereof, must 
be used. Authors must categorize the principal subject of 
their abstract by checking the appropriate box. 

If the author wishes to submit the abstract for consid- 
eration for the Thoracic Surgery Directors Association 
Award competition, the additional appropriate box must 
be checked. Also, the name of the Program Director must 
appear on a TSDA Resident Award abstract. 


1. Full names of authors must appear on the abstract. 

2. Institution or address is to be given, but omit titles, 
degrees, and appointments. 

3. Abstracts must be limized to 250 words and must be 
typed double-spaced. 

4, When percentages are used, the absolute numbers of 
derivation must be stated. 

5. The body of the abstract should include: 

a. A brief statement of the purpose of the study being 
presented, with reference to the current state of 
research in the field. 

b. The methods of study or experimental approach 
clearly, but briefly, defined. 

c. A summary of the results and/or conclusions of the 
study, including sufficient details to support those 
conclusions. 

d. A statement concerning the significance of the work 
and its possible implications for further research. 

6. The form must be signed by the senior author attesting 
that the material will not be presented elsewhere if 
accepted for the scientific program nor published else- 
where if accepted for publication in The Annals of 

Thoracic Surgery. 


In discussion of papers, The Society encourages a healthy 
spirit of constructive critical review and rebuttal by com- 
ments pertinent to the content of the paper being pre- 
sented. Presentation of discussion in the form of “second- 
ary papers” will not be welcomed. 


CALL FOR SURGICAL FILMS OR VIDEO TAPES 
(Deadline: September 1, 1990) 

The popular surgical movie program will again be pre- 
sented at the San Franciscc meeting. The Program Com- 
mittee hereby solicits the submission of surgical films, 
which may portray a surgical procedure or simply a 
technical maneuver that the surgeon thinks will be of 
interest to The Society. The film may not exceed ten 
minutes in length. Sound movies are acceptable but not 
necessary; however, live narration by the principal sur- 
geon is a requirement for participation in the movie night 
program. The movies should be on 16-mm film or %4-inch 
U-Matic video tape. The deadline for submission is Sep- 
tember 1, 1990. Films and video tapes also should be sent 
to Alexander S. Geha, MD, and Robert A. Guyton, MD, 
Co-Chairmen, Program Committee, at The Society of 
Thoracic Surgeons, 111 E Wacker Dr, Chicago, IL 60601. 


Richard P. Anderson, MD 
Secretary 
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| acknowledge that the material will not be presented elsewhere if accepted for presentation on The Society of Thoracic Surgeons 
Scientific Program. | further understand that the Editorial Board of The Annals of Thoracic Surgery has the right of first refusal 
for publication of this macerial. 
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Information About Membership in 


The Society of Thoracic Surgeons 


The Society of Thoracic Surgeons (STS) is the largest 
organization of its kind devoted primarily to the practice 
of thoracic and cardiovascular surgery. The major pur- 
pose of The Society is educational, with the aim of 
providing thoracic and cardiovascular surgeons from both 
academic and private practice environments a forum for 
presentation and discussion of scientific topics. As out- 
lined in the original bylaws of The Society, this education- 
al emphasis is designed to accomplish the broader goal of 
improving the quality and practice of thoracic and cardio- 
vascular surgery as a specialty. 

The STS recently celebrated its 25th Anniversary, hav- 
ing been founded in 1964. Since its inception, The Society 
has grown continually so that at present the membership 
includes the majcrity of board certified thoracic surgeons 
in the United States as well as thoracic and cardiovascular 
surgeons from 45 other countries. 

In addition to an annual scientific meeting, the STS has 
more than 20 committees working on diverse matters 
related to improving thoracic and cardiovascular surgery 
as a specialty. Examples of these committees are: Stan- 
dards and Ethics, Government Relations, Medico-Legal 
Affairs, Surgical Standby for PTCA, Physician Reimburse- 
ment, CPT-4 Advisory, Education and Resources, and 
Cardiothoracic Surgical Practice Guidelines. The Commit- 
tee to Analyze Circulatory Assist Devices and Artificial 
Hearts sponsors topical meetings (next meeting, Novem- 
ber 15-17, 1991, in San Francisco). The Committee to 
Develop a National Database for Thoracic Surgery plans 
to implement the first comprehensive database program 
for thoracic and cardiovascular surgeons in the United 
States; it will be cffered to members in the near future. 

There are five types of membership in The Society of 
Thoracic Surgeons: active, senior, honorary, internation- 
al, and candidate. 


Active Member Applicants for active membership must 
be surgeons whose practice is devoted primarily to the 
field of thoracic and cardiovascular surgery. 

QUALIFICATIONS: Applicants must be Diplomates of 
the American Board of Thoracic Surgery or Fellows in The 
Royal College of Surgeons of Canada, and be established 
in the practice of thoracic and/or cardiovascular surgery 
for a minimum of three years. There must be sponsoring 
letters from three active STS members. 





Senior Member Any active member or international 
member, upon reaching the age of sixty-five years, shall 
automatically become a Senior Member. 


Honorary Member Honorary Membership shall be re- 
served for distinguished persons worldwide who have 
achieved prominence in the field of thoracic and cardio- 
vascular surgery and have contributed to its advance- 
ment. Honorary members shall be elected by a majority 
vote of The Society at its annual business session upon 
recommendation of the Council of the STS. 


International Member Members from countries other 
than the United States and Canada were previously 
accepted only as active members. Because of differences 
in training and practice, the application process for for- 
eign members was often complex and time consuming. To 
allow for greater participation by thoracic and cardiovas- 
cular surgeons from other countries, the bylaws have 
been revised to provide for a category of International 
Member, which is the category for all members outside 
the United States and Canada. 

QUALIFICATIONS: Applicants shall reside outside the 
United States and Canada. Their training in this specialty 
shall be considered equivalent to that of Active Members. 
They shall have achieved appropriate certification or 
recognition of achievements in this specialty in their 
country and must devote the majority of their profession- 
al efforts to the interests of the specialty. Appropriate 
documentation of professional achievements shall be pro- 
vided to the Membership Committee. 


Candidate Member Candidate membership was created 
to allow participation of younger surgeons in the time 
prior to being qualified for active membership. 

QUALIFICATIONS: Applicants shall be enrolled in a tho- 
racic and cardiovascular training program accredited by 
the Residency Review Committee for Thoracic Surgery 
under the authority of the Accreditation Council for 
Graduate Medical Education or in a similar program 
approved for training by The Royal College of Surgeons of 
Canada. Also, individuals who have completed their 
training in one of the above programs and are in process 
of acquiring certification by the American Board of Tho- 
racic Surgery or The Royal College of Surgeons of Canada 
are eligible for this type of membership. 





If you would like to receive an application for membership in The Society, send the request printed below. This year’s deadline for 
receipt of applications is September 1, 1990. We suggest you apply soon as it takes time to process the application. Approved 
applications will be presented to the membership at the February 1991 Annual Meeting in San Francisco. 








REQUEST FOR APPLICATIONS 


Please send an application for: C] Active membership 
TO: NAME: 


Q International membership 


O Candidate membership 








ADDRESS: 











TELEPHONE NUMBER: 





Send to: James L. Cox, MD, Chairman, Membership Committee 
The Society of Thoracic Surgeons, 111 East Wacker Drive, Suite 600, Chicago, IL 60601 


Telephone: (312) 644-6610; FAX: (312) 938-1214 





EVENTS OF INTEREST 


Announcements should be sent at least 4 months in 
advance of publication to The Annals of Thoracic Surgery, 
3108 Queeny Tower, Barnes Hospital Plaza, St. Louis, 
MO 63110-1041; telephone, (314) 361-6084. 


Brief notices of meetings, courses, and symposia relevant 
to cardiothoracic surgery are published as a service. They 
should be formatted as follows: meeting title, date, place, 
sponsor, accreditation, director, fee, minimum/maximum 
attendance, and address/phone for further information. 


Myocardial Preservation Into the 21st Century, 
Oxford, England—August 12-15, 1990 

For information on this meeting, contact Beverly Farrier, 
ProMedica International, 620 Newport Center Drive, 
Suite 575, Newport Beach, CA 92660; cr telephone (714) 
640-5870 (facsimile: (714) 759-6911). 


Thirty-ninth Annual Meeting of the 
Scandanavian Association for Thoracic and 
Cardiovascular Surgery and the Scandanavian 
Society for Extracorporeal Technology, Reykjavik, 
Iceland—August 29-31, 1990 

For information on this meeting, contact G. Olafsson, 
MD, Chairman, Department of Thoracic and Cardiovas- 
cular Surgery, Landspftalinn, University Hospital, Reyk- 
javik, Iceland. 


Thirty-ninth Congress of the European Society for 
Cardiovascular Surgery, Budapest, Hungary— 
September 9-12, 1990 

For information on this meeting, contact Budapest Con- 
vention Centre, H-1444, PO Box 233, Budapest XI, Jagello 
u 1-3, Hungary; or telephone (361) 852-507 (facsimile: 
(361) 665-636; telex: 22-7717). 


- Fourth Annual Meeting of the European 
Association for Cardio-thoracic Surgery, Naples, 

 Italy—September 17-19, 1990 

For information on this meeting, contact the Organizing 

Secretariat, MCM, Rione Sirignano, 5, 8¢121 Naples, Italy; 

or telephone (0)81/7611085-7611277 (facsimile: (0)81/ 

664372; telex: 710626). 


Second Annual Meeting of the International 
Society for Applied Cardiovascular Biology, 
Venice Lido, Italy—September 17-20, 1990 

For information on this meeting, contact the Congress 
Secretariat, Kele Teo, San Marco 4930, Venice, Italy. 


Interim Meeting of The Society of Thoracic 
Surgeons, Chicago, Illinois— 

September 21-23, 1990 

For information on this meeting, contact Richard P. 
Anderson, MD, The Society of Thoracic Surgeons, 111 
East Wacker Dr, Chicago, IL 60601-4301; or telephone 
(312) 644-6610. 


Mechanical Circulatory Support 1990, London, 
England—September 26-28, 1990 

For information on this meeting, contact Anne Sumner, 
Mechanical Circulatory Support 1990, Medical Research 
Services, 60 Oxford St, Southampton SO! 1DL, Hants, 
England; or telephone 0703 231068. 


Controversies in Cardiovascular Disease: Surgical 
Versus Medical Treatment, Aalst, 
Belgium—September 28-29, 1990 
For information on this meeting, contact Dr F. Wellens, 
Department of Cardiovascular Surgery, O.L. Vrouwziek- 
enhuis, Moorselbaan 164, B-9300 Aalst, Belgium; or tele- 


- phone 053/78 53 53 (facsimile: 053/78 38 76). 


American College of Surgeons, San Francisco, 
California—October 7-12, 1990 

For information on this meeting contact American College 
of Surgeons, 55 E Erie St, Chicago, IL 60611; or tele- 
phone (312) 664-4050. 
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Fifty-sixth Annual Scientific Assembly, American 
College of Chest Physicians, Toronto, Ontario, 
Canada—October 22-26, 1990 

This meeting is sponsored by the American College of 
Chest Physicians and the International Academy of Chest 
Physicians and Surgeons. For information, contact the 
American College of Chest Physicians, 911 Busse High- 
way, Park Ridge, IL 60068; or telephone (708) 698-2200. 


Thirty-seventh Annual Meeting of the Southern 
Thoracic Surgical Association, Cerromar Beach, 
Puerto Rico—November 8~10, 1990 

For information on this meeting, contact Gordon F. Mur- 
ray, MD, Southern Thoracic Surgical Association, 111 East 
Wacker Dr, Chicago, IL 60601-4301; or telephone (312) 
644-6610 (facsimile: (312) 938-1214). 


Sixty-third Scientific Session of the American 
Heart Association, Dallas, Texas— 
November 12-15, 1990 
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For information on this meeting, contact American Heart 
Association, 7320 Greenville Ave, Dallas, TX 75231; or 
telephone (214) 750-5300. 


Global Plenum on Organ Transplantation, 
Lucknow, India—December 14-16, 1990 

For information on this meeting, contact Prof Probal 
Ghosh, Plenum Secretariat, Sanjay Gandhi Post Graduate 
Institute of Medical Sciences, Raebareli Rd, Post Box 375, 
Lucknow 226001, India. 


Twenty-seventh Annual Meeting of The Society 
of Thoracic Surgeons, San Francisco, California— 
February 17-20, 1991 

For information on this meeting, contact Richard P. 
Anderson, MD, The Society of Thoracic Surgeons, 111 
East Wacker Dr, Chicago, IL 60601-4301; or telephone 
(312) 644-6610. 


CLASSIFIED ADS 


Classified ads for positions wanted or available must relate only 
to the thoracic or cardiovascular surgical specialties. Display 
space (minimum, % page) is also available through Media for 
Medicine, Inc, 440 Park Avenue South, New York, NY 10016 
(telephone: (212) 684-5540; facsimile: (212) 545-0651). All ads are 
subject to the approval of the editor, and material deemed 
inappropriate for publication in The Annals will be rejected. If 
anonymity is desired, please indicate this at the time of submis- 
sion and a code number will be assigned. All responses received 
will remain confidential in the publisher's office and will be 
conveyed to the advertiser shortly after receipt. The charge for all 
classified advertising is $1.10 per word per insertion, minimum 
20 words. Abbreviations, dates, initials, post office box numbers, 
telephone numbers, years, and zip codes are considered one 
word each. There is an additional fee of $15.00 per insertion for 
box number ads. The copy deadline is 7 weeks prior to publica- 
tion, eg, for the March issue, copy should be received by the Ist 
of January. Ad orders should be for a maximum of 6 months; ads 
may be renewed for up to 6 months at a time. Ad copy should be 
typed double-spaced and mailed in duplicate to: The Annals of 
Thoracic Surgery, Desk Editorial, Classified Ads, Elsevier Science 
Publishing Co, Inc, 655 Avenue of the Americas, New York, 
NY 10010 (facsimile: (212) 633-3695). Make xonrefundable check 
payable to Elsevier Science Publishing Co, Inc. 


Please note that The Annals does not function as a placement 
service and cannot provide information on advertised positions. 
When answering advertisements, please write individually to 
each advertiser you wish to contact, using the address given in 
the ad. To respond to an anonymous ad, write to Box Number, 
The Annals of Thoracic Surgery, Elsevier Science Publishing, 655 
Avenue of the Americas, New York, NY 10010. 


SITUATIONS AVAILABLE 


Associate Director for Heart Transplantation is urgently needed 
for rapidly expanding heart transplantation program in Califor- 
nia. 

Please respond with curriculum vitae to the Pacific Cardiotho- 
racic Surgery Group, 201 S Alvarado St, Suite 626, Los Angeles, 
CA 90057. 240L/K 





Cardiovascular and thoracic surgeon, board eligible/certified, 
wanted to join well-established private practice located in Ft. 
Lauderdale, FL. Send CV. 
Please respond to Box 251. 251L/K 
Cardiovascular and thoracic surgeon, board eligible or certified, 
wanted to join another surgeon in private practice in the South- 
east. Please respond with curriculum vitae. 
Please respond to Box 252. 252G/L 
Cardiothoracic/vascular surgeon wanted to join established prac- 
tice in Ohio. Recent graduate preferred. Please submit curricu- 
lum vitae and three references. 
Please respond to Box 302. 302C/1 
Cardiac surgeon wanted to join established private practice in 
Eastern PA. Primarily adult cardiac. BC/BE required. Please send 
CV. 


Please respond to Box 315. 315D/1 





Cardiovascular and thoracic surgeon, board eligible or certified, 
wanted to join another physician in private practice in Northeast. 
Immediate availability. Please respond with curriculum vitae. 


Please respond to Box 316. 316D/L 





Excellent opportunity for recent graduate, board eligible or 
certified, for private practice of cardiac, thoracic, and major 


vascular cases in Great Lakes area. Include references and 
curriculum vitae. 


3355] 
Cardiothoracic surgeon needed for expanding program in mid- 


Michigan. Primarily adult cardiac and thoracic. BC/BE required. 
Please serd CV with references. 


Please respond to Box 335. 


Please respond to Box 337. 337E/} 
Cardiotharacic surgeon wanted for busy, expanding Southeast- 
ern priva:e group in regional medical center with university 
affiliation. Practice includes most aspects of adult and pediatric 
cardiac and thoracic surgery. Surgeon must be board eligible or 
certified with contemporary training. Excellent opportunity for 
suitable applicant. 


Please respond to Box 342. 342F/1 
Thoracic surgery residency: Residency in thoracic surgery. Posi- 
tion availeble July 1991 at the University of Massachusetts Med- 
ical Schcol/Hospital. Three-year program includes training in 
adult and pediatric cardiac and general thoracic surgery. 


Interested candidates may contact Thomas J. Vander Salm, MD, 
Department of Surgery, University of Massachusetts Medical 
Center, 55 Lake Ave North, Worcester, MA 01655. 347F/H 


Cardiovascular and thoracic surgeon: Excellent opportunity to 
join a busy north central Florida group. Practice specializes in 
adult cardiac and thoracic surgery. Excellent benefit package. 
Please reply with curriculum vitae. 
Please respond to Box 348. 348F/K 
Cardiovascular and thoracic surgeon, BE/BC, to join in 2-man 
private p-actice in cardiovascular and thoracic surgery in the 
Northeas:. Excellent benefits package. Association will lead to 
partnership. Please send curriculum vitae. 


Please reply to Box 350. 350F/K 


Assistant surgeon sought for busy adult cardiothoracic surgery 
practice. Entire responsibility will be to assist 4 senior surgeons in 
the opereting room. Board certification or eligibility in general 
surgery and some experience in vascular and/or thoracic surgery 
helpful, -hough not essential. Generous salary and fringes. 
Position 5 available immediately and could be permanent. Ideal 
location in very pleasant, small city near major eastern metropol- 
itan centers. 

Please respond to Lawrence I. Bonchek, MD, 555 North Duke St, 
Lancaster, PA 17603; (717) 295-8395. 352G/H 


Cardiothoracic surgeon needed for established program in scenic 
Montana Unique opportunity for congenial private practice 
lifestyle combined with high-tech hospital environment includ- 
ing dedicated cardiac OR, cardiac anesthesia, and cardiac inten- 
sive care anit. Solo practice or association leading to partnership. 
Could be experienced surgeon or recent graduate from quality 
program. 


Please respond to Box 354. 354G/L 


BC/BE general/thoracic surgeon—California: We need a general 
surgeon who is also trained in thoracic surgery and interested in 
an excellent practice doing general and thoracic surgery (no open 
heart). We offer the opportunity to establish your own private 
practice with no investment, guaranteed income. Well-equipped 
112-bed Zuli-service hospital. A growing area with new busi- 
nesses and stable economy. Our service area population is now 
90,000. Located in central California near Sequoia National Park. 
Tulare ofers an excellent family-oriented lifestyle with all ex- 
pected amenities. Beautiful homes, located close to hospital and 
office, are affordably priced. Good schools, many community 
activities. and abundant recreation including golf, tennis, skiing, 
mountain and equestrian activities. Easy access to all California's 
major metropolitan and resort areas. — 
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Please contact Tulare District Hospital Physician Recruiting 
Office, PO Box 90112, Los Angeles, CA 90009; (800) 468- 
2687. 355G/H 


Thoracic surgeon wanted: A busy thoracic practice 20 miles south 
of Boston seeks to add a third surgeon by July 1991. Candidate 
must be board certified or eligible. This active practice operates 
from a multihospital referral base. The community is an ideal area 
for family living, with excellent schools and nearby Boston and 
Cape Cod cultural and recreational facilities. Competitive salary, 
malpractice insurance, and excellent benefit package. Please 
respond with CV. 


Please respond to Box 356. 356G/L 


Cardiovascular and thoracic surgeon: Position available for a 
BC/BE surgeon to join expanding surgical practice associated 
with highly trained invasive cardiologists and cardiac anesthesi- 
ologists in Ocala, Florida. (Ocala is located in the center of 
Florida, 75 miles north of Orlando.) Excellent benefits package, 
including great location for family activities. Recent graduates 
considered. 

Please send a curriculum vitae to Wayne McGraw, Executive 
Director, Ocala Heart Institute, PO Drawer 3130, Ocala, FL 
32678. l 357G/I 


Cardiovascular and thoracic surgeon—board eligible or quali- 
fied—wanted to join 4 physicians in very active private practice in 
greater Chicago area. Respond with curriculum vitae. 

Please respond to Box 359. 359G/H 


Cardiothoracic and vascular surgeon, board eligible/certified 
with experience in adult cardiac thoracic and vascular surgery, 
wanted to join well-established practice located in southern 
California. Send CV and references. 


Please respond to Box 361. 361G/H 


Cardiovascular/thoracic surgeon, BC/BE, to join well-established 
private practice on Florida west coast. Expertise in adult cardiac, 
vascular, and thoracic surgery required. Recent graduate with 
transplant experience preferred. Excellent compensation and 
benefits leading to full partnership. Please include curriculum 
vitae and references with response. 


Please respond to Box 363. 363G/} 


Cardiovascular-thoracic surgeon, BC/BE, needed to join busy 
expanding private practice in the Midwest. Excellent program, 
large number of experienced cardiologists. Initial contact should 
include curriculum vitae and references. Ideal candidate will 
have results to submit. 


Please respond to Box 365. 365H 


Cardiothoracic surgeon, BE/BC, to join established 1-man private 
practice involved with adult cardiac, thoracic, and vascular 
surgery in major Midwest community. New or recent graduate 
preferred. Salary leading to partnership. Please send CV, clinical 
experience, and references. 


Please respond to Box 366. 366H/K 


Vascular surgeon, board certified/board eligible, recently trained, 
wanted to join a busy solo vascular surgeon in north central West 
Virginia using 300-bed very progressive hospital. Excellent pack- 
age and potential. 


Please respond to Box 367. 367H/K 


Cardiovascular and thoracic surgeon, board certified or board 
eligible, wanted for an established private practice of cardiac, 
thoracic, and vascular surgery in the Southeast with potential 
university affiliation. Initial contact should include curriculum 
vitae, clinical experience in all three disciplines, surgical results, 
and references. ` 


Please respond to Box 368. 368H/ 
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Cardiac surgeon, board certified or board eligible, for very busy 
private practice group doing primarily adult cardiac and vascular 
surgery. Seeking an Associate to join well-established practice in 
northeast Ohio metropolitan area. Please respond with curricu- 
lum vitae and references. 


Please respond to Box 370. 370H/A 


Thoracic surgeon for rapidly growing group practice in the NYC 
area. Excellent salary. Please respond with CV and references. 


Please respond to Box 372. 372H/1 


Cardiothoracic and vascular surgeon, board eligible/certified 
with experience in adult cardiac thoracic and vascular surgery, 
wanted to join well-established practice located in southern 
California. Send CV and references. 


Please respond to Box 373. 373H/ 


Cardiovascular surgeon: We are looking for a recently trained B/E 
or B/C CV surgeon to join our very busy and enjoyable 2-man 
cardiovascular department at The Billings Clinic, a progressive 
major regional multispecialty clinic in the northern Rocky Moun- 
tain region. This is an outstanding practice opportunity for the 
right individual seeking a challenging and rewarding surgical 
practice in surroundings conducive to the highest quality of 
living for the surgeon and his or her family. 


For further information, please call or send CV to Hewes D. 
Agnew, MD, or J. Scott Millikan, MD, The Billings Clinic, PO Box 
35100, Billings, MT 59107-5100; (406) 256-2500. 375H/J 


Thoracic surgeon, BC/BE, needed to join two others in a busy 
thoracic surgical practice without open heart surgery. Located in 
a prime suburb of NYC with a good quality of life. Rapid 
partnership advancement. Recent graduate preferred. Please 
reply with a curriculum vitae. 


Please respond to Box 376. 376H/} 


Cardiovascular surgeon wanted to join busy private practice in 
excellent Florida location. Practice includes all aspects of acult 
cardiovascular and thoracic surgery. Would prefer a recent grad- 
uate. Send curriculum vitae. 


Please respond to Box 377. 377H/] 


Busy, established, university-affiliated, noncardiac thoracic sur- 
gical group in private practice in Northeast. Excellent salary and 
benefits leading to partnership. ABTS qualified or certified. 


Please respond to Box 378. 378H 


Recently trained, board certified or eligible thoracic and cardio- 
vascular surgeon needed to join established surgical practice in 
beautiful wooded deep east Texas. Charming university commu- 
nity. Diversified practice of pulmonary, vascular, and cardiac 
surgery. No pediatric open heart surgeries. 


Please respond to Box 379. 379H 


Cardiovascular and thoracic surgeon, BC/BE, to join established 
group doing high volume adult cardiac and thoracic surgery in 
major teaching hospital, with medical school affiliation, in New 
York City. Please respond with curriculum vitae. 


Please respond to Box 381. 381H 


Cardiovascular/thoracic surgeon to complete 3-man group in 
adult cardiothoracic private practice in Michigan. Must be board 
eligible or certified. References required. 


Please respond to Box 382. 382H/ 
We are seeking cardiothoracic candidates for either Assistant or 


Associate Professor of Surgery. Applicants should have experi- 
ence in surgical research and/or teaching. Applicant should be 
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technically strong in all phases of adult cardiac surgery. Addi- 
tional experience in pediatric cardiac surgery would be helpful as 
an extra qualification. 


Please send applications to W. Randolph Chitwood, Jr, MD, 
Professor and Chief, Division of Cardiac Surgery, Department of 
Surgery, East Carolina University School of Medicine, Green- 
ville, NC 27858-4354. Federal law requires proper documenta- 
tion of identity and employability prior to final consideration for 
this position. East Carolina University is an equal opportunity/ 
affirmative action employer. 383H/I 


Cardiothoracic surgery group seeking an additional board eligible/ 
board certified surgeon with interests and skills in general thoracic 
surgery for busy expanding practice. Private 3-man group practices 
in the Southeast in university-affiliated regional medical center. 
Practice currently includes mainly adult and pediatric cardiac and 
pulmonary surgery. Excellent opportunity for suitable applicant. 


Please respond to Box 384. 384H/K 


SITUATIONS WANTED 


Cardiovascular and thoracic surgeon, 41, University trained, 
wishes to relocate. ABS and ABTS certified, member of the STS, 
ICS, ISHT, ACC, and AHA. Author of several publications. 
Currently experienced in IMA surgery, valve repair and replace- 
ment. Ten years ago developed a successful and busy pediatric 
cardiac surgery program, with extensive experience in neonates 
and infants. 

Please respond to Box 343. 343F/H 
Cardiothoracic surgeon, 36, 2 years’ experience in adult cardiac 
surgery. Excellent results. Wishes to relocate to West Coast or the 
Northwest. 


Please respond to Box 369. 369H/I 


Ann Thorac Surg 
1990;50(2):A-28-30 


Thoracic and cardiovascular surgeon, board certified, with broad 
experience in all phases of the specialty except transplantation 
wishes to relocate. Curriculum vitae and references on request. 


Please respond to Box 371. 371H/ 


Two board-certified experienced clinical cardiovascular perfu- 
sionists are seeking to join a professional private cardiovascular 
surgical group or private cardiovascular surgeon. 


Please respond to Box 374. 374H 


FELLOWSHIPS 


Fellowship in cardiovascular surgery for 1 year available January 
1 or July 1 with group doing approximately 1,000 cardiac proce- 
dures per year and large volume of vascular procedures. ABS 
eligible or certified, California medical license required or readily 
obtainable. Ideal for a person between general surgery residency 
and thoracic surgery residency. 


Please respond with curriculum vitae to Bradley J. Harlan, MD, 
5301 F Street, Suite 312, Sacramento, CA 95819. 364G/L 


Fellowship in cardiovascular surgery available immediately with 
group doing high volume adult cardiac procedures in major 
teaching hospital with medical school affiliation in New York 
City. Ideal for person desiring 1 year between training or general 
surgical resident awaiting CT residency. Please respond with 
curriculum vitae. 


Please respond to Box 380. 380H 












CARDIOVASCULAR SURGEON 


NEEDED FOR PORTLAND, OREGON 


Five man cardiovascular surgical team with an ac- 
tive, expanding practice in the Pacific Northwest has 
an immediate opening for a Board Certified/Board 
Eligible Cardiovascular Surgeon. Large volume car- 
diac surgery program drawing referrals for broad 
geographic area. Opportunity to conduct clinical 
research in a private practice setting. 


For further information about this exceptional private 
practice opportunity, please send a CV to: 


NORTHWEST SURGICAL ASSOCIATES, 
INC. 

2226 N. W. PETTYGROVE STREET 

PORTLAND, OREGON 97210 


DIRECTOR, NEW DIVISION 
OF CARDIOVASCULAR 
SURGERY 


The Medical Staff and Administration of 
Conemaugh Valley Memorial Hospital, a 405- 
bed major teaching, University-affiliated, 
regional medical center with level | trauma and 
helicopter services, seek a leading cardiovas- 
cular surgeon to develop a premier open-heart 
program at our institution. The successful can- 
didate must lend instantaneous credibility to 
this new program through current recognition 
as an outstanding clinician. New facilities, an 
active invasive interventional cardiology pro- 
gram and a free hand in program development 
await the Director. Clinical and financial suc- 
cess are essentially guaranteed. For additional 
information regarding this outstanding oppor- 
tunity in our forward-looking institution and ex- 
tremely livable community, please contact: 
Kenneth W. Rowe Jr., M.D., Senior Vice 
President, Medical Affairs, 814-533-9721. 


Tir 
Conemaugh Valley Memorial Hospital 


1086 Frankin Street Johnstown, PA 15905-4398 





An Equal Opportunity Employer M/F/H 















































































Cardiothoracic 
Fellow 


The Lankenau Hospital and Medical Research 
Center are state-of-the-art medical teaching 
and research facilities nestled in a beautiful, 
yet convenient suburban Philadelphia location. 
This past year we performed over 650 open 
heart surgeries. 




































We currently have a position to start immedi- 
ately. We also have a position available July 1, 
1991 on our staff for a Cardiothoracic Surgical 
Fellow. The ideal candidate should be board 
eligible or certified in general surgery. Board 
eligible in thoracic surgery highly desired. A 
Pennsylvania license is a must. Clinical Fellows 
are welcome to apply. 


Along with top of the line technology and pro- 
fessional colleagues, the positions offer medi- 
cal benefits, no city wage tax deducted and a 
non-smoking environment. For further infor- 
mation, please contact Dr. Scott M. Goldman, 
c/o Personnel Department. 
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A Member of the Main Line Health Family of Hospitals. 


Lancaster Avenue 
west of City Line 
Philadelphia, PA 19151 


An Equal Opportunity Employer 








Royal Brompton and National Heart Hospital 


Clinical Fellow 
in Cardiothoracic 
Surgery 


This is an excellent opportunity for senior 
trainees to spend a year in this historic London 
establishment. There is wide exposure to all 
aspects of cardiothoracic surgical practice, 
including transplantation, paediatric, 
electrophysiology as well as a broad spectrum 
of pulmonary and oesophageal disease. There is 
close liaison with the National Heart and Lung 
Institute for those wishing to participate in 
research. Positions are available from February 
1991, 

Please send curriculum vitae to Ms J. 
Simkins, Royal Brompton and National Heart 
Hospital, Fulham Road, London SW3 6HP 
England. 
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MALIGNANT HYPERTHERMIA + 


Preventable Fatalities Caused f 4 
by Common Anesthetics EN fi 
Pas asas 


Malignant hyperthermia (MH) strikes without 
warning. Life-threatening problems can occur 
within minutes. 

MH attacks have occurred in the Operating 
Room, the Emergency Room, the Recovery 
Room and Outpatient Surgical Facilities. 

If you don't know the symptoms of MH and if 
your facility is not fully prepared to treat an MH 
episode as soon as it develops, then you are 
taking serious chances. 

Alertness and preparedness are the 
responsibility of every medical professional on 
the scene. 

The Malignant Hyperthermia Association of 
the United States (MHAUS) is totally committed 
to preventing MH deaths and disabilities 
through education and heightened awareness. 

Join the hundreds of other physicians, 
nurses, and hospitals supporting MHAUS. We 
need your help .. . and we are working to help 
you. 


Box 3231, Darien, CT 06820 
(203) 655-3007 
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Vitalcor/ POLYSTAN 


Vitalcor Inc. 

100 E. Chestnut Ave. 

Westmont, Illinois 60559 

(708) 323-3888 Fax: (708) 325-0257 
Call Toll-Free: 1-800-874-8358 


“Vitaicor, Inc. is the exclusive distributor of Polystan products in the USA" 


Quality 
Without 
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INFORMATION 


NOW. THE COMPLETE BIBLIOGRAPHIES. 


MYOCARDIAL 
REVASCULARIZATION 


EDITOR: JOE R. UTLEY, M.D. 


CARDIOPULMONARY 
BYPASS 


EDITORS: JOE R. UTLEY, M.D. 
MARC S. MORGAN, C.C.P. 
HOWARD D. JOHNSON, C.C.P. 


INFORMATION FAST. FROM A BROAD RANGE 
OF SPECIALTIES. ACCESSIBLE IMMEDIATELY. 
Each monograph offers more than 5,000 references, 
15,000 authors, 4,000 subjects. 


Indexed by SUBJECT, AUTHOR, YEAR. 


CARDIOPULMONARY BYPASS Bibliography 
complete from 1667 to present. 


MYOCARDIAL REVASCULARIZATION Bibliography 
complete from 1966 to present. 


Each book provides the most comprehensive listing 
of articles, the most extensive author and subject 
indexing available in ONE publication. 


Order both books and save. Receive future updates 
at discounted prices. Call for special pricing for 
medical libraries. 
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Johnson P, Fredericksen JW, Sanders JH, Lewis V, Michaelis LL 
Management of chronic sternal osteomyclitis, Ann Thorac Surg 
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Julian DG. The Practical implications of the coronary artery 
surgery trials. Review Article: 29 Refs. Br Heart J 
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In over 270,000 cases, 
physicians chose 

one tissue heart valve 
over any other. 





Our long-term commitment to engineering and 
design has resulted in today’s number one choice in tissue valves. 
The Carpentier-Edwards* Bioprosthesis benefits from the flexibility 
of our unique Elgiloy* stent and our advanced tissue preservation 
techniques. The result is a tissue valve of improved hemodynamics 
and excellent durability. 

When indications call for a tissue valve, turn to the valve 
chosen more often than any other tissue valve in the world—over 
270000 implants to date—the Carpentier-Edwards* Bioprosthesis. 

For more information, call or write Baxter Healthcare 
Corporation, Edwards CVS Division, 17221 Redhill Avenue, Irvine, 
CA 92714-5686, 800.424.3278. Refer to following page for a brief 
summary of prescribing information. 


The entier-Edwards’ 
Bioprosthesis 


Baxter 


* Elgitoy Corporation 
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Carpentier-Edwards® Bioprosthesis 
For Single Use Only 


indications: Bioprostheses are indicated for use in patients suffering from valvular heart disease. Aortic and mitral 
valvular heart disease are conditions involving any of the following: obstructions of the heart valves, or stenosis; 
leakage of the valves, known as regurgitation or insufficiency; and combinations of the two, sometimes referred to 
as mixed disease or combined lesions. Valvular heart disease may be caused by any number of factors, including 
congenital abnormalities, infection by various microorganisms, degenerative calcification, rheumatic heart disease 
and rupture ar dysfunction of the mitral subvalvular mechanism secondary to myocardial ischemia. Bioprostheses 
are used particularly in those patients for whom long-term anticoagulation is contraindicated or who may be diffi- 
cult to maintain on anticoagulation therapy. The Carpentier-Edwards bioprosthesis is intended for use in patients 
whose aortic or mitral valvular disease is sufficiently advanced to warrant replacement of their natural valve with a 
prosthetic one. It ls also intended for use in patients with a previously implanted aortic or mitral valve prosthesis 
which is no longer functioning adequately and requires replacement. In the latter case, the previously implanted 
prosthesis is surgically excised and replaced by the replacement prosthesis. Wamings: For Single Patient Use Only 
inthe presence of conditions affecting calcium metabolism or when calcium-containing chronic drug therapies are 
used, the use of a mechanical prosthesis as an altemative should be considered. This is also true in patients under 
20 years of age, in patients on a high calcium diet, in the presence of severe systemic hypertension, and in patients 
who are on maintenance hemodialysis. The decision to use a tissue valve must ultimately be made by the physician 
on an individual basis after a careful evaluation of the short- and long-term risks and benefits to the patient are 
made, and alternative methods of treatment are considered. Overall durability, especially long-term, has not been 
established far bioprostheses, Serious complications, sometimes leading to reptacement of the valve and/or death, 
May be associated with the use of prosthetic valves (see Complications). A full explanation of the benefits and risks 
should be given to each prospective patient before surgery. Note: Bioprostheses should be used with caution in the 
presence of severe systemic hypertension or when the anticipated patient langevity is longer than the known 
longevity of the prosthesis, Caréful and continuous medical follow-up (at least by an annual visit to the physician) is 
advised so that valve-related complications, particularly those related to material failure, can be diagnosed and 
properly managed. Recipients of prosthetic heart valves who are undergoing dental procedures should receive 
prophylactic antibiotic therapy to minimize the possibility of prosthetic infection. Bioprosthetic heart valve recipients 
should be maintained on anticoagulant therapy, except where contraindicated, during the initial healing stages after 
implantation, approximately 2 to 3 months. Anticoagulants should then be discontinued over a period of 10 days, 
except in those patients for whom indefinite anticoagulant protection is indicated, i.e., in the absence of sinus 
rhythm and in patients with a dilated left atrium, calcification of the atrial wall ar history of previous atrial throm- 
bosis. The appropriate anticoagulation therapy must be determined by the physician on an individual basis. 
Adequate rinsing with physlalogleal saline, as described in the Technique section, Is mandatory before Implan- 
tation to reduce the glutaraldehyde concentration, No other solutions, drugs, chemicals, antibiotics, ste 
should svar be added to the glutaraldehyde or rinse solutions, as irreparable damage to the leaflet tissue, 
which may not be apparent under visual inspaction, may result. The Carpentler-Edwands bloprosthases must 
ba kept molst at all timas. Orying out will cause irraversibla damage to the feaflet tissue. To prevent drying aut 
during implantation, the valves should be irrigated pertadically on both sides with sterile physiological saline. 
Passing diagnostic catheters and transvenous pacing leads across a Carpentier-Edwards bioprosthesis could dam- 
age the valve, Consequently, itis recommended that these procedures be avoided. Both the valve and glutaraldehyde 
storage solution are sterile, The outside of the jar is not sterile and must nat be placed in the sterile field. Further- 
more, the valve and container should nevar be subjected to sterilization procedures involving ethylene oxide, 
propylene oxide, steam, or irradiation. Storage between 10°C and 25°C is recommended; however, care should be 
exercised to avoid freezing or extreme heat, which may damage the valvular tissue. Any valve that has been frozen 
or exposed to temperatures greater than 60°C should not be used for human Implantation. Glutaraldehyde may 
cause irritation of the skin, eyes, nose, and throat, and may also cause skin sensitization, Avoid prolonged or 
fepeated contact or prolonged breathing of the vapor. Use only with adequate ventilation. In the event of contact, 
immediately flush the affected area with water. In the event of contact with eyes, seek medical attention. Surgical 
Precautions: 1, When choosing a valve for a given patient, the size, age, and physical condition of the patient in 
relation to the size of the prosthesis must be taken into consideration to minimize the possibility of obtaining a 
suboptimal hemodynamic result, The selection of a valve, however, must ultimately be made by the physician on an 
individual basis after carefully weighing all of the risks and benefits to the patient. 2. Due to the relative flexibility of 
the frame, care must be exercised to avoid the use of too large a prosthesis to prevent folding or extreme deforma- 
tion of the stent that may render the valve incompetent. Oversizing may create highly localized mechanical stresses 
resulting In tissue failure in the form of detachment of the leaflets or porcine aortic wall from the valve stent posts. 
2. Left ventricular perforation or ulceration has been reported. Both open and closed chest cardiac massage in 
patients with an open strut mitral prosthesis increases the risk of ventricular perforation. Additionally, lifting, flex- 
ing, and manual compression of the distended heart after discontinuation of bypass may cause a commissure strut 
to be pushed through the endocardium, producing a dissecting hematoma with subsequent uncontrolled hemor- 
rhage. 4. The spacing of the sutures.in the remnant of the valvular orifice and the prosthesis suture ring must be 
carefully matched to avoid folding of the leaflets or extreme distortion of the orifice. Edwards CVS Division has 
received reports in which individual mattress sutures, spanning a distance of 10 to 15mm, produced a purse-string 
effect causing compression of the valve orifice. 5. When using interrupted sutures, it is important to cut the sutures 
close to the knots and to ensure that exposed suture tails will not come into contact with the leaflet tissue. Cases 
have been reported in which bioprostheses developed severe regurgitation and had to be replaced as a result of 
wear due to contact with sutures, 6. Unlike rigid mechanical valves, the stent wall is soft and will not resist needle 
penetration. Accordingly, extreme care must be exercised when placing sutures through the sewing margin to avoid 
penetration of the side wall of the stent and possible laceration of the leaflet tissue, 7. As with all prostheses that 
have open cages, free struts, or commissure supports, care must be exercised, particularly in mitral replacement, 
to avoid looping or catching a suture around the free legs which would interfere with proper valvular function, 8. The 
stent of the bioprosthesis is asymmetrical to conform to the natural shape of the porcine aortic valve. Consequently, 
the commissure supports are not equidistantly spaced. The contrasting suture markers in the sewing ring of the 
mitral valve denote the greatest intercommissural distance. These two commissure supports should be oriented so 
as to straddle the ventricular outflow tract to avoid murmurs due to blood flow turbulence. Nofe: The contrasting 
suture material should not be removed from the prosthesis. 9. In the aortic position, the struts should correspond 
to the remnants of the natural commissures so as not to obstruct the coronary ostia. 10. A serial number tag is 
attached to the sewing ring of each valve by a suture. This serial number should be checked against the number on 
the jar; if any difference is noted, the valve should be retumed unused, This tag should not be detached from the 
valve until implant is imminent, Care should be exercised to avoid cutting ar tearing the suture ring cloth during 
removal, 11. Gentle handling is required for all implantable devices. If the valve is dropped, damaged, or mis- 
handled in any way, it must not be used for human implantation. Complications: As with all prosthetic heart valves, 
serious complications, sometimes leading to death, may be associated with the use of tissue valves. In addition, 
complications due to individual patient reaction to an implanted device, or to physical or chemical changes in the 
components, particularly those of biological origin, may occur at varying intervals (hours or days) necessitating 
reoperation and replacement of the prosthetic device. Complications associated with the use of Carpentier-Edwards 
bioprostheses include stenosis, regurgitation through an incompetent valve, perivatvular leak, endocarditis, 
hemolysis, thromboembolism, thrombotic obstruction, bleeding diatheses related to the use of anticoagulant ther- 
apy, ventricular perforation by stent posts, looped sutures, and malfunctions of the valve due to distortion at implant 
or physical or chemical deterioration of valve components. Types of tissue deterioration include infection, calcifica- 
tion, thickening, perforation, suture abrasion, Instrument trauma, and leaffet or aortic wall detachment from the 
valve stent posts. These complications may present clinically as abnormal heart murmur, shortness of breath, exer- 
cise intolerance, dyspnea, orthopnea, anemia, fever, arrythmia, hemorrhage, transient ischemic attack, stroke, 
paralysis, tow cardiac output, pulmonary edema, congestive heart failure, cardiac failure, and myocardial infarct. 
Note: Based on reports in the literature on tissue valves, there appears to be an increased incidence of leaflet calcifi- 
cation in patients under the age of 20. In this regard, animal research studies show that a high systemic calcium 
level can lead to early calcification. Furthermore, at least one published report describes an apparent causal relation- 
ship between the consumption of daily calcium supplements and early leaflet calcification in an adult. When feasible, 
repeated Intravenous injections containing calcium should be avoided during the postoperative period; and exces- 
sive milk or dairy product consumption should be avoided in children. There are no clinical data presently available 
demonstrating increased resistance of Carpentier-Edwards bioprostheses to calcification as compared to other 
commercially available porcine vatves. Caution: Federal (USA) law restricts this device to sale by or on the order of a 
physician. Baxter Intemational Inc. is the owner of the following US patent which covers the products described 
herein: 4,106,129, Patent numbers in foreign countries supplied upon request. See package insert accompanying 
product for a full discussion of wamings, contraindications, complications and prescribing information. Carpentier- 
Edwards® is a registered trademark of Baxter Intemational Inc. 
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New Subscriptions 


[C] Please enter my 1990 subscription to The Annals 
of Thoracic Surgery, ISSN 0003-4975, Volumes 
49, 50 (12 issues) 

LJ Institutional Rate: $116.00 

Personal Rate: $75.00* 

O In-Training Rate: $55.00 

Postage and Handling: For air delivery in the U.S., Canada and 
Mexico. add $60.00. Subscribers outside the U.S. should add $24,00 
for surface delivery: $60.00 for surface air lift delivery to Europe: 


$75.00 for surface air lift to Japan: or $145.00 for air delivery to the 
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The American Journal of Hypertension, the offi- 
cial journal of the American Society of Hyperten- 
sion, is published monthly. The American Journal 
of Hypertension provides timely and comprehen- 
sive coverage of experimental and clinical aspects 
of hypertension, keeping you up-to-date on the 
best contemporary research and analysis being 

done in the field. 
Research scientists, practitioners and other health 
professionals will enjoy these regular features: 


* original articles that detail current clinical and 
investigative work in the area of hypertension. 


e short communications that keep readers in- 
formed of the latest advances in research and 
patient care. 


* reviews that present an overview of current 
topics on the subject of hypertension. 


e reports on issues of public policy such as new 
treatment strategies, FDA clinical trials, and other 
issues of immediate interest, through policy state- 
ments of the Society. 


Enter your subscription to the American Journal 
of Hypertension today. 

The American Journal of Hypertension is in- 
dexed/abstracted in index Medicus, Current Con- 
tents and Excerpta Medica. 
Subscription information 
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The Journal of the American College of 
Cardiology is recognized worldwide as one of 
the leading publications in the field. Meeting 
the Colleges high editorial standards, JACC 
provides you with high-quality, clinically rele- 
vant articles and reports that will keep you up 
to date on the most significant advances in 
the diagnosis and treatment of cardiovascular 
diseases. 


You'll want to read JACC for its: 
è outstanding peer-reviewed articles 


e helpful reports on new therapies and drug 
studies 


© comprehensive reviews 
è stimulating editorial commentaries 


Get the information 
you need from a source 
you can trust — Sub- 
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Empyema Thoracis 
Joseph I. Miller, MD 


EDITORIALS 


Division of Cardio-Thoracic Surgery, Joseph B. Whitehead Department of Surgery, Emory University School of Medicine, Atlanta, 


Georgia 


he practice of thoracic surgery began with the drain- 

age of pus from the chest by Hippocrates, who wrote 
extensively on this subject, describing symptoms and 
natural history [1]. The history of the management of 
empyema and the evolution of its surgical treatment is a 
major aspect of the developmient of thoracic surgery. 
Current modalities used in the treatment of thoracic 
empyema include thoracentesis, intercostal tube drain- 
age, rib resection with tube drainage, open rib drainage, 
decortication, excision with exenteration (or empyemaec- 
tomy), sterilization of thoracic cavity, thoracoplasty, and 
muscle flap closure. Each of these modalities has a role 
and an appropriate time and place in the treatment of 
acute and chronic thoracic empyema. 

The article in this issue by Ali and Unruh [2] presents an 
extensive experience with 65 adult patients treated. Their 
etiologic distribution parallels that of other series in the 
literature [3]. More than 50% of thoracic empyemas are 
directly related to pyogenic pneumonia. Approximately 
25% occur as sequelae after operation in the thorax on the 
esophagus, lungs, or mediastinum. The third most com- 
mon cause is extension of a subphrenic abscess, occurring 
in 8% to 11%. Other causes are secondary to rupture of a 
lung abscess, generalized pulmonary sepsis, and miscel- 


See also page 355. 


laneous causes. Staphylococcus aureus is the most common 
etiologic organism in both pediatric and adult empyema. 
It is cultured in approximately 92% of the pediatric age 
group and in more than 50% of adult patients. The 
gram-negative organisms, such as Pseudomonas aeruginosa, 
Klebsiella pneumoniae, Escherichia coli, Aerobacter aerogenes, 
Proteus, and Salmonella are very common in the adult 
population. The majority of adult patients have more than 
one organism cultured. from the pleural fluid, with an 
average of 2.3 organisms per patient. 

In the group of patients reported by Ali and Unruh, 
there was a total of 34 (52%) who were seen with post- 
pneumonic empyema. Ali and Unruh stated that all but 
one of these required rib resection under local or general 
anesthesia. In contrast, we have used closed chest tube 
thoracotomy as the predominant means of managing 
simple empyema. From 1974 to 1990, we have managed 
more than 90 cases of postpneumonic thoracic empyema 
by simple chest tube thoracostomy with closed drainage 
and ultimate conversion to an empyema tube with slow 
advancement out over a period of 6 to 8 weeks. There 
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were only 4 cases in which this was not successful when 
the thoracic space had been well-drained by closed chest 
tube thoracostomy. Only 2 cases required an open proce- 
dure in this group of patients. 

At the same time, we have operated on 52 patients who 
had a multiloculated parapneumonic empyema that had 
not been adequately drained by closed chest tube thora- 
costomy. In this group, the empyema had been present 
from 3 to 12 weeks. All of these patients underwent open 
thoracotomy with decortication and drainage, and there 
were only 2 patients requiring muscle transposition to fill 
a residual space. Ali and Unruh noted that 12 patients 
(30%) in the group who had previous rib resection re- 
quired open thoracotomy, and 9 patients required muscle 
transposition. This has not been our experience in pa- 
tients who had decortication within 3 months of the onset 
of the empyema. Intrathoracic muscle transposition has 
rarely been required in the management of postpneu- 
monic empyema. Perhaps the increased use of intratho- 
racic muscle flap transposition by Ali and Unruh may 
have been because the operation was performed at a later 
time than the inception of the empyema. In our experi- 
ence, in the usual case of multiloculated parapneumonic 
empyema in which open thoracotomy and decortication 
are required, muscle flap transposition is rarely necessary. 
Our institution tends to proceed with early surgical intex- 
vention at 3 to 4 weeks when standard chest tube thora- 
costomy does not relieve the majority of the loculated 
fluid, as the surgical risk is less than 1%, and the expected 
outlook is good in more than 95% of patients. There is a 
short hospitalization of 8 to 10 days, and all tubes are 
removed at the time of discharge. I have operated on 52 
patients with a multiloculated parapneumonic empyema 
with no operative mortality and good results in 50 of 52 
patients. Prolonged chest tube sinuses and drainage, 
which required second operations to close, ultimately 


` developed in 2 patients. 


Ali and Unruh present 16 patients with postresectioral 
empyema, 9 acute and 7 chronic. There were 3 patients 
who had a pneumonectomy and 6 who had a lobectomy 
as the initial procedure. Ali and Unruh have correctly 
stated that treatment must be varied for each case and 
individually tailored for each patient. Our institution 
rarely uses thoracoplasty in the management of a pest- 
resectional empyema space, and we believe that the 
majority of postresectional spaces can be filled by intra- 
thoracic muscle transposition of the appropriate muscle 
flaps. Flaps used in the order of frequency are (1) latissi- 
mus dorsi; (2) serratus anterior; (3) pectoralis major; (4) 
omentum, and (5) rectus abdominis. The omentum is 
particularly useful in closing lobar or main bronchopleural 
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fistulas [4, 5]. A thoracoplasty is rarely required in the 
postlobectomy resectional empyema space in which intra- 
thoracic muscle flaps have been transposed. An upper 
lobectomy space can be easily filled with a pectoralis 
major flap placed through the second intercostal space. A 
lower lobectomy space can be filled with latissimus or 
rectus abdominis. In the postpneumonectomy space, oc- 
casionally two to three ribs may need to be resected to 
obliterate any remaining major space after intrathoracic 
muscle transposition. We have treated 17 patients with 
postpneumonectomy empyema by single-stage complete 
muscle flap closure of the empyema space, with greater 
than 75% experiencing excellent results [5]. In addition, 
we have used intrathoracic muscle flap transposition in 
the treatment of five lobectomy empyema spaces with 
good results in all cases. 

Ali and Unruh have correctly pointed out that posttrau- 
matic empyema and/or hemothorax should be treated 
early with decortication and appropriate evacuation and 
drainage. In all of these patients, the lung immediately 
reexpands, and the long-term outlook is excellent. Early 
decortication and drainage should be considered in the 
case of a clotted hemothorax in which the clot is not 
removed within 5 to 7 days of chest tube thoracostomy. 
Occasionally, streptokinase can be injected into the clot- 
ted hemothorax space with fairly good results, but, more 
than likely, early decortication and evacuation of the clot 
will be required. 


Ann Thorac Surg 
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In cenclusion, Ali and Unruh have presented an inter- 
esting and detailed analysis of a complex group of 
patients. Their management and long-term results are 
excellent. We would tend to favor closed chest tube 
thoracostomy rather than rib resection in the management 
of the majority of cases of simple postpneumonic empy- 
ema. In those patients with multiloculated empyema that 
does not respond to closed chest tube thoracostomy, early 
decortication and drainage is successful in greater than 
95% of all cases. Morbidity is lessened, and long-term 
outlook is excellent. In the remainder of their three 
groups, our mode of management would be same. 
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Aspirin, Blood Loss, and Transfusion 


William A. Gay, Jr, MD 


Department of Surgery, University of Utah, Salt Lake City, Utah 


Ithough aspirin is the most commonly used and 
widely studied, it is certainly not the only drug 
available that alters the coagulation mechanism that is 
currently being given to patients with cardiovascular 
diseases. Stein and associates [1] have recently published 
an exhaustive review of the role of antiplatelet agents in 
cardiovascular disease. In summary, aspirin in low to 
moderate doses {75 to 325 mg daily) has proved beneficial 
in (1) preventing the secondary events in patients with 
symptomatic cerebral vascular disease, (2) preventing 
acute vessel occlusion during coronary angioplasty (but it 
has been ineffective in the prevention of restenosis), (3) 
decreasing the mortality of acute myocardial infarction 
and reducing the subsequent reinfarction rate, and (4) 
reducing the mortality and infarction rates in patients 
with unstable angina. Because of these beneficial effects of 
aspirin in patients with cardiovascular disease, many, if 
not most, patients now coming to coronary revasculariza- 
tion are taking aspirin. The report by Taggart and associ- 
ates [2] that appears in this issue of The Annals concerning 
operative and postoperative blood loss in patients taking 
aspirin is particularly timely. Although they found that 
aspirin administration was associated with increased peri- 
operative blood loss and transfusion requirements, the 
overall hospital stay was not prolonged. 


See also page 425. 


Aspirin, by its acetylation of cyclooxygenase, inhibits 
the formation of thromboxane A, a strong stimulus to 
platelet aggregation and vasoconstrictor. This effect on 
platelet cyclooxygenase is permanent, persisting for the 
life of the platelet—as the platelet does no: have the 
capacity to synthesize cyclooxygenase de novo. There- 
fore, in order for the patient to have a population of 
completely functional platelets at the time of operation, 
aspirin administration must be stopped a week or more 
preoperatively or the patient must be given transfusions 
of platelet concentrates. Vascular endothelial cells, unlike 
platelets, do have the capacity to synthesize cyclooxygen- 
ase and therefore rapidly regain their ability to produce 
the vasodilator prostacyclin within a few hours after 
cessation of aspirin therapy. Prostacyclin, like thrombox- 
ane Aj, is a product of arachidonic acid metabolism; its 
formation is initiated by cyclooxygenase [3, 4]. 

Perioperative blood loss and the requirement for trans- 
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fusion has become a major concern in patients undergo- 
ing cardiac operations. The use of anticoagulants such as 
warfarin in patients with valve prostheses or dilated 
hearts with arrythmias; the use of aspirin, dipyridamole, 
nonsteroidal antiinflammatory agents, and other platelet 
inhibitors in patients with coronary disease; and the 
administration of tissue plasminogen activator, throm- 
bolytic enzymes, and heparin in the acute coronary occlu- 
sion setting have all brought this problem into very clear 
focus. The prevalence of transfusion-transmitted diseases 
has only served to amplify the concern. Similarly, the 
increasing number of reoperations has been attended by 
increased transfusion requirements. The present practice 
by blood banks of “cannibalizing” whole blood in order to 
make the most of all of its components has left us with the 
necessity of using red blood cell concentrates and crystal- 
loid to restore blood volume in most instances. 

The report by Taggart and associates appropriately calls 
our attention to this issue and concludes with the recom- 
mendation that, when possible, aspirin be discontinued 1 
week or more before an elective operation. I agree with 
this recommendation, but would like to go even farther. 
Our blood banks should be encouraged to provide fresh 
(less than 48 hours old) whole blood for use in cardiac 
operations, particularly in patients who have recently 
received aspirin or other antiplatelet agents. Additionally, 
there is promising new information that the use of apro- 
tinin (Trasylol) during cardiopulmonary bypass may offer 
some protection from the mechanical damage to platelets 
during open heart operations [5]. Observations like those 
of Taggart and associates are important and more reports 
of this type are needed to substantiate the magnitude of 
this problem. 
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The Medtronic-Hall Valve: Frequently Used, 


Seldom Reported 


Peter J. K. Starek, MD 


Division of Cardiothoracic Surgery, The University of North Carolina at Chapel Hill, Chapel Hill, North Carolina 


fter the pioneering work of Hufnagel, Starr, and 
Harken using caged-ball valves, it became apparent 

that a valve with a more central blood flow and a lower 
profile would be advantageous. Dr Juro Wada [1] de- 
signed a hinged pivoting-disc valve, demonstrating that a 
lower profile and central flow design were possible. 
Encouraged by this work, the Bjérk-Shiley valve and the 
Lillehei-Kaster valve were developed almost simulta- 
neously. Although both of these hingeless pivoting-disc 
valves were an improvement over the Wada valve, they 
were still limited by the opening angle of the poppet. In 
addition, the relatively small minor orifice was responsi- 


ble for occasional thrombus formation [2, 3]. The Björk- 


Shiley valve was modified to the familiar convexoconcave 
disc model. Mr Robert Kaster, who engineered the Lille- 
hei-Kaster valve, collaborated with Karl Victor Hall and 
designed the Medtronic-Hall valve, with a much larger 
minor orifice and a disc opening angle of 75 degrees in the 


See also page 429. 


aortic and 70 degrees in the mitral valve models. The 
excellent hemodynamic performance of the Medtronic- 
Hall valve has been known for some time [4], and its 
durability has made it the valve of choice in artificial heart 
designs [5, 6]. This valve’s popularity has increased con- 
siderably since the Bjérk-Shiley valve was removed from 
the market, but there is still a relative paucity of long-term 
clinical reports regarding its effectiveness. 

Vallejo and associates [7] report in this issue an 8-year 
clinical experience with 444 Medtronic-Hall heart valve 
prostheses implanted in 351 patients at the General Hos- 
pital Gregorio Marafion between January 1981 and Sep- 
tember 1986. Various other prostheses were in use in the 
institution during that period. The practice of Vallejo and 
associates was to implant porcine bioprostheses in pa- 
tients more than 70 years old and in patients in whom 
anticoagulation was contraindicated. In the remaining 
patients, mechanical prostheses were used. The choice of 
which mechanical prosthesis to use was left up to the 
individual surgeon’s preference. This is consistent with 
the practice at many cardiothoracic surgical centers. Cer- 
tainly groups of surgeons who routinely implant only 
bioprostheses or only mechanical prostheses are a small 
minority. 
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Mortality 


The overall hospital mortality was 6.2%, whereas there 
was a 22% to 50% mortality in patients in whom the 
tricuspid valve was replaced. The cross-section of the 
right ventricle at the level of the tricuspid valve is more 
oval thar round. Implantation of a pivoting-disc valve 
may lead to the excursion of the disc being impeded by 
the right ventricular muscle, causing valve thrombosis [8]. 
Certainly porcine xenografts or other tissue valves seem 
to offer a safer alternative when replacement of the 
tricuspid valve is necessary [9]. 


Thrombaembolism 


The thromboembolic rates observed by Vallejo and asso- 
ciates are fairly low and are similar to the incidence 
reported by others [10]. Reports from a third world 
country on a large series of patients with implanted 
Medtronic-Hall valves support the findings of a low 
embolization rate, even in a less privileged population 
[11]. Another report from the United Kingdom demon- 
strated a low embolic rate using this valve despite a fairly 
low level of anticoagulation with Coumadin, thus de- 
creasing th2 incidence of bleeding complications [12]. 


Endocarditis 


Vallejo and associates report an overall incidence of pros- 
thetic valve endocarditis of 5.4%, of which 47% occurred 
in the early postoperative period. This figure is somewhat 
higher than those generally seen in valve replacement 
series and raises the question of the perioperative antibi- 
otic coverage used. Certainly past reports have shown 
that, without antibiotic coverage, the incidence of pros- 
thetic valve 2ndocarditis can be as high as 10% [13]. Ina 
large review of various valve replacement series covered 
adequately with antibiotics, the overall incidence tended 
to be closer -o 2% [14]. 


Hemolysis 


Vallejo and associates report 8 patients in whom hemoly- 
sis was present. The severity of this complication is not 
detailed, and it was believed that, at least in 2 patients, 
the cause was not mechanical. In the remaining 6 pa- 
tients, the blame was placed on either a periprosthetic 
leak or an intrinsic valvar cause. Our own experience 
indicates tha- the serum lactate dehydrogenase values 
were slightly above the normal range in patients who had 
undergone valve replacement with the Medtronic-Hall 
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valves [15]. Only 2 of more than 450 patients had clinically 
significant elevations in lactate dehydrogenase; both of 
these patients were reoperated on for noninfectious peri- 
valvar leak. At the time of operation the leaks were 
repaired, with the result that the lactate dehydrcgenase 
values promptly fell to the slightly-above-average values 
(Starek PJK, unpublished data). Hemolysis due to even 
small perivalvar leaks has been well documented [16], and 
it is quite probable that patients with clinically significant 
hemolysis have either a perivalvar leak or some intrinsic 
increase in red cell fragility. 


Valve Impingement 


Interference with disc motion by sutures, chordae, or 
cardiac muscle has sometimes been referred to as disc 
impingement, particularly when the disc becomes fixed in 
one position. This condition is a potential hazard in all 
disc valves, but is almost entirely preventable or correct- 
able by the surgeon familiar with the implantation of 
pivoting-disc valves [17]. Vallejo and associates detected 
four such problems intraoperatively and corrected the 
situation without difficulty. 


Conclusions 


Vallejo and associates conclude that the Medtronic-Hall 
valve has proved to be a reliable prosthesis without 
structural failures, with fine hemodynamic performance, 
and with low thromboembolic rates. Their long-term data 
justify these conclusions. Our personal experience with 
this valve over a 12-year period in more than 450 patients 
is very similar and would also support these conclusions. 
No currently available prosthetic valve is suitable for all 
patients requiring valve replacement. Some patients 
clearly require the use of tissue valves, whereas the 
pivoting-disc valves continue to offer excellent hemody- 
namics, good laminar flow, and, in the case of the 
Medtronic-Hall valve, superior durability. 


References 


1. Wada J. Knotless suture method and Wada hingeless valve. 
Jpn J Thorac Surg 1967;15:88, 

2. Levang OW. Aortic valve replacement: a randomized study 
comparing the Bjérk-Shiley and Lillehei-Kaster valves. Scand 
J Thorac Cardiovasc Surg 1978;12:197-205. 

3. Yoganathan AP, Corcoran W, Harrison EC, Carl JR. The 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


EDITORIAL STAREK 347 


MEDTRONIC-HALL VALVE 


Bjérk-Shiley aortic prosthesis: flow characteristics, thrombus 
formation and tissue overgrowth. Circulation 1978;58:70-6. 


. Nitter-Hauge S, Semb B, Abdelnoor M, Hall VF. A five year 


experience with the Medtronic-Hall disc valve prosthesis. 
Circulation 1983;38(Suppl 2):169-74. 


. DeVries WC, Anderson JL, Joyce LD, Anderson FL, Ham- 


mond EH. Clinical use of the total artificial heart. N Engl J 
Med 1984;310:273-8. 


. Dew PA, Olsen DO, Kessler TR, Coleman DL, Kolff WJ. 


Mechanical failure in in-vivo and in-vitro studies of pneu- 
matic total artificial hearts. Trans Am Soc Artif Intern Organs 
1984;30:112-6. 


. Vallejo JL, Gonzalez-Santos JM, Albertos J, et al. Eight years’ 


experience with the Medtronic-Hall valve prosthesis. Ann 
Thorac Surg 1990;50:429-36. 


. Thorburn CW, Morgan JJ, Shanahan MX, Change VP. Long- 


term results of tricuspid valve replacement and the problem 
of. prosthetic valve thrombosis. Am J Cardiol 1983;51: 
1128-32. 


. Mikaeloff P, Delahaye JP, Convert G, Van Haecke P, Ar- 


mouroux C, Boivin J. Early and late term results of triple 
valve replacements: use of a tricuspid bioprosthesis. Arch 
Mal Coeur 1981;74:719-25. 

Starek PJK, Beaudet RL, Hall K-V. The Medtronic-Hall valve: 
development and clinical experience. In: Crawford FA Jr, ed. 
Current heart valve prostheses. Philadelphia: Hanley & Bel- 
fus, 1987:228. 

Antunes MS, Wessels A, Sadowski RG, et al. Medtronic-Hall 
valve replacement in a third-world population group: a 
review of the performance of 1000 prostheses. J Thorac 
Cardiovasc Surg 1988;95:980-93. 

Butchart EG, Lewis PA, Grunkemeier GL, et al. Low risk of 
thrombosis and serious embolic events despite low intensity 
anticoagulation: experience with 1,004 Medtronic-Hall 
valves. Circulation 1988;78(Suppl 1):66~77. 

Geraci JE, Dale AJD, McGoon DC. Bacterial endocarditis and 
endarteritis following cardiac operations. Wisc Med J 1963; 
62:302-15. 

Wilson WR, Danielson GK, Giuliani ER, Geraci JE. Prosthetic 
valve endocarditis. Mayo Clin Proc 1982;57:155-61. 

Starek PJK, Beaudet RL, Hall K-V. The Medtronic-Hall valve: 
development and clinical experience. In: Crawford FA Jr, ed. 
Current heart valve prostheses. Philadelphia: Hanley & Bel- 
fus, 1987:229. 

Okita Y, Miki S, Kusuhara K, et al. Intractable hemolysis 
caused by perivalvular leakage following mitral valve re- 
placement with St. Jude Medical prosthesis. Ann Thorac 
Surg 1988;46:89-92. 

Starek PJK. Technical aspects of uncomplicated valve re- 
placement. In: Starek PJK, ed. Heart valve replacement and 
reconstruction: clinical issues and trends. Chicago: Year Book 
Medical Publishers, 1986:76. 


ORIGINAL ARTICLES 


Cardioplegia for Transplantation: Failure of 
Extracellular Solution Compared With Stanford or 


UW Solution 


John Parker Gott, MD, Pan-Chih, MD, Lynne M. A. Dorsey, BS, 
Edson H. Cheung, MD, Charles R. Hatcher, Jr, MD, and Robert A. Guyton, MD 


Carlyle Fraser Heart Center, Crawford Long Hospital of Emory University, Emory University School of Medicine, Atlanta, Georgia 


Crystalloid cardioplegia with an extracellular fluid for- 
mulation is widely used for donor heart protection. A 
survey of 109 transplant programs yielded 62 replies with 
42% of respondents using variations of extracellular 
solution and 45% using the dextrose and mannitol—based 
Stanford solution. These two commonly used clinical 
solutions and University of Wisconsin (UW) solution, 
which has had success in clinical hepatic and renal 
transplantation, were compared in a canine model of 
cardiac transplantation. After antegrade hypothermic 
cardioplegic arrest, the experimental hearts were excised 
and stored at 4°C for 6 hours (n = 29). An oxygenated, 
blood-primed isolated heart preparation was used for 
reperfusion. After a rest of 45 minutes, cardiac output 
was increased against constant afterload until a left atrial 


Cc transplantation is an accepted treatment for 
end-stage cardiac failure in select patients, and the 
resultant demand for donor hearts grows yearly. Most 
hearts are now obtained through distant procurement, 
which has improved access to the finite donor pool [1]. 
This increases the period of donor organ myocardial 
ischemia, which is known to affect early homograft func- 
tion and patient survival [1]. 

One aspect of donor myocardial protection under the 
control of the surgeon is the donor cardioplegia tech- 
nique. A model of donor heart procurement with pro- 
longed ischemic time and transplantation was developed. 
The most commonly used variations of clinical donor 
cardioplegic solutions and an experimental solution were 
evaluated to determine the effect of different protection 
schemes on donor heart function. 

A survey of the active cardiac transplant programs in 
the United States was made to determine current donor 
cardioplegia practices. With the assistance of the Registry 
of the International Society for Heart Transplantation, an 
evaluation of early patient outcome based on donor car- 
dioplegia technique was made. 
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pressure of 15 mm Hg was reached. The maximum 
cardiac performance measured by cardiac index, minute 
work, and stroke work was highly significantly better 
with Stanford or UW solution protection than with the 
extracellular solutions (p < 0.0001). Assuming a cardiac 
index of 50 mL - kg~* - min“? is necessary for successful 
separation from cardiopulmonary bypass, only 1 of 14 
extracellular and 15 of 15 Stanford and UW animals 
would have survived (p < 0.0001). This study strongly 
suggests that extracellular cardioplegia is inferior for 
cardiac transplantation and that programs using this 
solution should reevaluate their method of myocardial 
protection for donor hearts. 


(Ann Thorac Surg 1990;50:348-54) 


Material and Methods 
Laboratory Study 


Twenty-nine dogs seronegative for Dirofilaria and ranging 
in mass from 25 to 36 kg were studied. The animals were 
preanesthetized with intramuscular administration of 
morphine sulfate, 4 mg/kg, and anesthetized with intra- 
venous administration of sodium pentobarbital, 30 mg/kg. 
They were intubated orotracheally and placed on a vol- 
ume-cycled ventilator. A median sternotomy incision was 
made, and an arterial monitoring line was placed at the 
intrathoracic left subclavian artery. The great vessels were 
dissected and prepared for subsequent ligature or tourni- 
quet control. Mobilization for an extrapericardial excision 
of the heart was completed. The pericardium was in- 
cluded with the donor heart to facilitate subsequent 
suspension of the heart in the isolated, perfused, working 
mode. 

After arterial blood gas confirmation of satisfactory 
oxygenation, ventilation, and acid-base balance, the ani- 
mals were given heparin sodium, 3 mg/kg, intravenously. 
Excision of the heart was begun after inflow occlusion and 
then antegrade aortic root infusion of one of the four cold 
cardioplegic solutions (Table 1) at a constant pressure of 
50 mm Hg. Prompt diastolic arrest occurred uniformly. 
The heart was vented by transection of the inferior vena 
cava and incision of the left atrial appendage. Myocardial 
cooling was supplemented by topical cold balanced saline 
solution. The total cardioplegia dose delivered approxi- 
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Table 1. Comparison of Cardioplegic Solutions* 
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Extracellular Binge 
Composition Fluid Sane University of 
Stanford University Wisconsin 

Component 1 2 Composition Fluid Component Solution 
Nat 185 155 20 KH,PO, 25 mmol 
Kt 24 24 27 MgSO, 5 mmol 
Mg?* 2.9 2.9 Adenosine 5 mmol 
(© i 95 95 27 Glutathione 3 mmol 
Acetate” 26 26 Raffinose 30 mmol 
HCO,” 49 19 20 Allopurinol 1 mmol 
Gluconate 22 22 Potassium lactobionate 100 mmol 
Glucose 0.15% 0.15% 4.5% Pentastarch 5% 
Mannitol ihe enn 1.14% Heparin 1,000 IU/L 





2 All data are shown in milliequivalents unless otherwise stated. 


Ci = chloride ion; HCO,” = bicarbonate radical; 
ion; MgSO, = magnesium sulfate; Na* = sodjum ion. 


mated the clinical use of about 3 mL/g of heart (with the 
assumption that the average canine heart mass to total 
body mass ratio is approximately 9 g/kg). 

The heart, proximal great veins, main pulmonary ar- 
tery, and aorta past the left subclavian. artery were excised 
and stored at 3° to 4°C in a solution with the same 
composition as the cardioplegia chosen for that heart. 
Near the end of the ischemic period, the left atrium and 
aorta were cannulated through the innominate artery in 
preparation for reperfusion. The left atrial and aortic 
pressures were monitored with strain-gauge manometers. 

A cardiopulmonary bypass circuit was primed with 
homologous blood and crystalloid to a hematocrit of 0.20. 
The pH was adjusted to 7.4 with sodium bicarbonate as 
needed. Lidocaine hydrochloride was‘added to a calcu- 
lated therapeutic level of 3 ug/mL. Air was displaced from 
the heart, and the heart was connected to the cardiopul- 
monary bypass circuit (Fig 1). The tricuspid valve was 
excised, and the main pulmonary artery and superior 
vena cava were ligated, directing all thebesian and coro- 
nary sinus flow to the inferior vena cava. The caval flow 
was then collected by gravity and directed to the venous 
reservoir. i 

At 6 hours, the heart was removed from the 4°C bath 
and underwent controlled reperfusion with normother- 
mic oxygenated blood at 50 mm Hg for 5 minutes. Mean 
aortic pressure was then increased to 80 mm Hg and kept 
there for the remainder of the experiment (Fig 2). The 
heart was electrically defibrillated as needed at 5 minutes 
and subsequently at 10, 20, and 30 minutes if persistent 
ventricular fibrillation was present. At 30 minutes, a bolus 
of 10 wg of isoproterenol was given and a constant 
infusion of 0.25 g/min was begun. 

At 45 minutes after reperfusion, the heart was switched 
to the working mode (Fig 3). The heart was made to pump 
against a mean arterial pressure of 80 mm Hg by the 
infusion of oxygenated blood into the left atrium. An 
infusion flow of 500 mL/min was increased by 250 mL/min 
until the left atrial pressure reached 15 mm Hg. The 


K* = potassium ion; 


KH,PO, = potassium phosphate; Mg?* = magnesium 


maximum cardiac output for each heart was determined 
to be the maximum cardiac output obtained with the 
mean arterial pressure at 80 mm Hg and the left atrial 
pressure at less than or equal to 15 mm Hg. If the heart 
was unable to pump 500 mL initially with a left atrial 
pressure less than or equal to 15 mm Hg, the cardiac 
output was considered to be 0. 

Hemodynamic data were gathered through an analog 
to digital conversion board (Data Translation, Inc) and 
stored and analyzed through a 386 microprocessor using 
an interactive program developed in this laboratory 
(James A. Bradford, PhD). : 

Hemodynamic calculations were based on these formu- 
las: 
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Fig 1. The working heart model after priming of the circuit. 
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Stroke work = cardiac output (mean aortic pressure — 
mean left atrial pressure) - 0.0136/heart rate 


Minute work = cardiac output (mean aortic pressure — 
left atrial pressure) - 0.0136 


All animals received humane care in compliance with 
the “Guide for the Care and Use of Laboratory Animals” 
published by the National Institutes of Health (NIH 
publication No. 85-23, revised 1985). 


Clinical Correlation 
A survey of cardiac transplant programs active in the 
United States was made. This mailing was based on the 
list of participants in the United Network for Organ 
Sharing. The program directors weré asked to describe 
their current cardioplegia technique for donor heart pro- 
curement. A choice was given between the four categories 
shown in Appendix 1 or, alternatively, the cardioplegic 
solution components and physical characteristics could be 
listed on a detailed checklist provided in the mailing. 
The cardioplegia techniques of the respondents were 
categorized into extracellular variations, Stanford solu- 
tion, or other techniques. The programs were then listed 
‘by technique and submitted to Dr Michael Kaye at the 
Registry of the International Society for Heart Transplan- 
tation. The number of transplant patients in the registry 
accounted for by these programs and the 30-day mortality 
rates were determined. This information was returned 


grouped by the specific cardioplegia category and without - 


individual program identification, which preserved the 
confidentiality of the international registry participants. 
Statistical Analyses 


Statistical analyses were carriéd out on a microprocessor 
using proprietary software with the advice of a statistician 
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Fig 2. Controlled cardiac reperfusion with i te blood into the 
aorta for 45 minutes. 


Ann Thorac Surg 
1990;50:348-54 











N 
CONTROLLED 
RESISTANCE 


CONTROLLED - 
GAS PRESSURE 


BLOOD-FILLED 
LATEX SAC 


RESERVOIR 
ROLLER PUMP 


OXYGENATOR 
HEAT EXCHANGER 





Fig 3. Roller-pump-controlled oxygenated blood flow to the left 
atrium to yizld the working heart. 


(Compaq 386/20e; RS1 release 4.0, BBN Software Products 


. Corporation; Elmer Hall, PhD, Emory University). The 


compariscn of the differetice in overall mortality between 
the Stanford and extracellular groups iri the clinical survey 
was made by y? analysis or Fisher’s exact test with a 
significant difference said to exist at a p level of less than 
0.05. Evaliation of the hemodynamic data between the 
four cardioplegia groups was made first with the Kruskal- 
Wallis statistic. When a significant difference was noted, 

the groups were compared using individual nonpaired t 
tests with a significant difference said to exist at a p level 
of less than 0.05. Fisher's exact test was used to compare 
projected mortality between the Stanford plus University 
of Wisconsin (UW) expérimental groups and the extracel- 
lular 1 plus extracellular 2 experimental groups. 'A signif- 
icant difference was said to exist at a p level of less than 
0.05. 


Results 

Laboratory Study 

On reperfusion, the hearts protected by extracellulat type 
1 or 2 solution all exhibited marked swelling, and the 
majority were not able to sustain an organized rhythm or 
perform work against the aortic pressure. In stark con- 
trast, the hearts protected by Stanford or UW solttion 
appeared l2ss edematous and had fewer rhythm distur- 
bances, ar.d all had cardiac outputs compatible with 
survival of the “recipient.” 

The hemodynamic results of the myocardial protection 
afforded by the four different solutions are summarized in 
Figures 4 through 8 and Table 2. Statistical comparison 
between groups is provided in Table 2. 
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Fig 4. Maximum mean cardiac output at a left atrial pressure of 15 


x mm Hg (p < 0.0001 by Kruskal-Wallis statistic). (EC = extracellular 
i cardioplegia; ST = Stanford solution; UW = University of Wisconsin 
solution.) 


Clinical Correlation 


There were 62 respondents to the mailing of the donor 
heart cardioplegia survey. This is within the framework of 
a reported 109 active centers in the United States as of 
1987 [1]. Forty-five percent of the programs used the 
dextrose and mannitol-based Stanford solution. An extra- 
cellular composition was used by 42%. The others re- 
sponding reported a variety of other techniques and will 
< not bė considered further here. 

A total of 1,423 patients received either an extracellular- 
or Stanford-protected heart. The overall mortality be- 
tween these two groups was not significantly different. 
Sixty-six (10%) of 660 patients with extracellular cardiople- 
gia~protected hearts died within 30 days of transplanta- 
tion as did 70 (9.2%) of 763 patients receiving Stanford 
solution-protected hearts. The effect of ischemic time on 
outcome based on 30-day mortality is demonstrated in 
Figure 9. Eighty percent of the’ respondents using a 
variation of the extracellular fluid indicated that was also 
the method for their standard cardiac procedures. Fifty- 


EC 1 EC 2 st UW 
(n=8) (n=6) (n=) (n=7) 


Cardioplegia Groups 


Fig 5. Maximum mean minute work at a left atrial pressure of 15 
mm Hg (p < 0.0001 by Kruskal- -Wallis statistic). Abbreviations are 
the same as in Figure 4. 
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EC 1 EC 2 ST UW 
(n=8) (n=6) (n=B) (n=7) 
Cardioplegia Groups 
Fig 6. Maximum mean stroke work at a left atrial pressure of 15 mm 
Hg (p < 0.0001 by Kruskal-Wallis statistic). Abbreviations are the 
same as in Figure 4. 


six percent of the respondents using Stanford soluticn 
employed that solution for standard cardiac procedures. 


Comment 


More than 1,400 cardiac transplantations were done in the 
United States in 1987. Although the number of transplan- 
tations per year continues to grow, catalyzed by increas- 
ingly successful immunosuppression, there remains a 
large gap between donor availability and recipient need. 
In response to this problem, efforts have broadened the 
geographical base for organ donation in such a way that 
almost 60% of transplanted hearts are procured at distant 
sites [1]. Distant procurement was demonstrated by the 
Stanford [2, 3] and Richmond [4] groups to be effective 
and led to an increase in the number of cardiac transplan- 
tations performed. As the distance for organ procurement 
increases, the myocardial ischemic period and the risk of 
early cardiac dysfunction and mortality increase [1]. This 
effect appears to be minimal if ischemic times are less than 
4 hours [5]. Also as the duration of ischemia increases, the 
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Fig 7. Maximum mean cardiac output indexed to donor dog body 
mass at a left atrial pressure of 15 mm Hg (p < 0.0001 by Kruskal- 


Wallis statistic).. Abbreviations are the same as in Figure 4. 
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Fig 8. Survival by ability to achieve a cardiac index of 50 mL - kg™ 
min. Abbreviations are the same as in Figure 4. 


impact of the myocardial protection technique on ultimate 
cardiac function is more profound. Despite laboratory and 
clinical successes with the use of hypothermic perfusion 
for donor protection, hypothermic cardioplegic protection 
remains the clinical gold standard [6, 7]. 

. Fundamental to myocardial protection for transplanta- 
tion is rapid establishment and maintenance of hypother- 


mia, which was documented early on by Lower and 


co-workers [8]. The supplemental beneficial effects of 
cardioplegia are documented [3, 9-11]. This is an area 
under a high degree of control by the surgeon. This study, 
therefore, was designed to study effects of current clinical 
and experimental methods of cardioplegic protection of 
the donor heart to determine if differences exist that might 
be exploited to improve early donor heart function. 

The actual practice of donor heart cardioplegic protec- 
tion was examined with a survey of active programs. 
There was a substantial response, which translated into 
data on more than 1,400 cardiac transplant patients. 
Eighty-seven percent of the responding programs were 
placed ‘into one of two fairly homogeneous groups with 
respect to donor cardioplegia technique. About equal 
numbers used the Stanford cardioplegic solution or a 
variation of an extracellular solution. The widespread use 
of the Stanford solution is probably a reflection of the 
pioneering efforts of that group in developing the opera- 

‘tion, achieving ongoing excellent clinical results, and 
training many of the directors of currently active cardiac 
transplant programs. The similarly extensive use of an 
extracellular composition cardioplegic solution may reflect 
the extension of the technique used for standard cardiac 
procedures at a particular institution. Eighty percent of 
extracellular solution users also employed that method for 
cardiac protection during standard operations. 

` For the laboratory investigation, four cardioplegic solu- 
tions were evaluated. The Stanford composition was as 
published and confirmed by the Stanford Hospital Phar- 
macy [2]. Two-extracellular compositions were included. 

' Extracellular 1 is that used previously for canine car- 
dioplegia in this laboratory. Extracellular 2 is the clinical 
standard for cardiac operations at Emory University Affil- 
iated Hospitals, which is similar to extracellular solutions 
in widespread clinical use as confirmed by the survey. 
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Table 2. Hemodynamic Outcome for Different Cardioplegia 
Groups: Laboratory Study" 


Maximum 

Cardiac Maximum Maximum 

Output Minute Work Stroke Work 
Group (mL/min) (g-m/min) (g-m) 
EC1 250 + 160 230 + 150 16411 . 
EC2 750 + 320 686 + 290 3.9 + 1.2 
ST 2,750 + 350 2,640 + 350 14.3 + 2.1 
UW 3,570 + 440 3,890 + 900 22.1 + 4.2 


a Significance: EC1 versus EC2, not significant; EC1 versus ST, p < 0.05; 
EC1 versus UW, p < 0.05; EC2 versus ST, p < 0.05; EC2 versus UW, p < 
0:05; and ST versus UW, not significant. 


EC1 = extracellular cardioplegia, laboratory; 
dioplegia, clinical; ST = Stanford cardioplegic solution; 
University of Wisconsin solution. 


EC2 = extracellular car- 
UW = 


The UW solution has shown promise in clinical preser- 
vation of solid organs for transplantation [12, 13] and has 
shown benefit in laboratory studies for myocardial pro- 
tection [14]. It was included as a fourth solution tested i in 
this model. , 

Thesé solutions were studied in a model designed to 
simulate the clinical procurement, extended storage, and 
initial function of the implanted heart. The procurement 
and storage phases are nearly identical with those in 
current clinical practice. Chronotropic and inotropic sup- 
port was uniform across all groups in the form of isopro- 
terenol, which is in line with clinical transplant practice 
[15]. To minimize experiment to experiment variability 
inherent in use of different recipient animals, we em- 
ployed this isolated heart model in which hematocrit, 
acid-base balance, aortic pressure, cardiac output, and. 
temperature were controlled. Respiratory and hormonal 
variability and autonomic effects on the peripheral circu- 
lation, all known to affect cardiac function, were elimi- 
nated. 

The results demonstrate a clear advantage of the dex- 
trose and mannitol-based Stanford solution and the UW 
solution over both of the extracellular solutions for early 
cardiac function after 6 hours of hypothermic ischemic 
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Fig 9. Thirty-day mortality of transplant patients from the clinical 

survey by time of ischemia and by cardioplegia group. 
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protection. No significant difference existed between the 
Stanford and UW groups or between the two extracellular 
groups. 

Assuming that a criterion for successful separation from 
cardiopulmonary bypass is a cardiac index of 50 
mL : kg~? + min™?, all 15 UW and Stanford hearts would 
be ’ rane but only 1 of the 14 extracellular 1 and 
extracellular 2 ee could achieve an index greater than 
50 mL + kg~? + min’. 

Principles eee critical to successful cold storage 
solutions in general are outlined by Belzer and Southard 
[13]: prevention of cold-induced cellular swelling, preven- 
tion of intracellular acidosis, reduction of interstitial fluid, 
reduction of free radical injury, and provision of substrate 
for cellular energy production during reperfusion. 

The UW solution represents a rational formulation 
designed for the in situ induction and safe maintenance of 
hypothermic organ protection for transplantation. The 
solution is clinically successful in extended protection for 
renal, pancreatic, and hepatic transplantation [13]. Com- 
ponents are included to attenuate the deleterious effects 
of the induction of ischemic hypothermia, maintenance of 
anaerobic hypothermia, and subsequent reperfusion. The 
UW solution incorporates the osmotically active and met- 
abolically inactive impermeants lactobionate, raffinose, 
and hydroxyethyl starch. The extracellular solutions used 
contain a small amount of glucose, which displays organ- 
specific variability as an impermeant. The Stanford solu- 
tion contains a higher glucose concentration, but has an 
additional impermeant, mannitol, and less sodium as 
well. These impermeant properties could account, in part, 
for the striking gross edema and failed protection of the 
extracellular cardioplegia-treated groups compared with 
the Stanford and UW groups. The property of reduced 
edema formation with the UW solution in a myocardial 
protection application was documented and quantified by 
Swanson and associates [14]. 

The absence of specific compounds in the extracellular 
fluid cardioplegia known to have a role in reduction of 
free radical formation or in suppression of their deleteri- 
ous effects may help to explain its poor performance. In 
contrast, the Stanford solution contains mannitol, which 
is a putative free radical scavenger. The UW solution has 
a xanthine oxidase inhibitor, allopurinol, to reduce pro- 
duction of free radicals and glutathione to replenish this 
intracellular antioxidant [13]. 

A final major difference in solutions is the inclusion in 
the UW solution of a precursor (ie, adenosine) for high- 
energy compound (adenosine triphosphate) synthesis 
during reperfusion. 

In our survey, the similarity in early survival of the two 
patient groups whose transplanted hearts were procured 
with either Stanford or extracellular fluids may be real or 
may not truly reflect the actual clinical effects of the 
different cardioplegia methods because of incomplete 
sampling of programs. 

Assuming there is no difference in actual outcome, the 
disparity between the laboratory findings and the clinical 
findings might be reconciled by the fact that the clinical 
period of ischemia did not extend to the length of isch- 
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emia in our experiment, thus tending to minimize the 
effect of cardioplegia type. Another line of speculation to 
explain the dissimilar result is the different storage me- 
dium employed clinically—saline solution or a balanced 
saline solution analogue versus the use of the same 
solution as that used for the cardioplegia in our experi- 
mental model, ie, Stanford solution was the storage 
medium for the Stanford cardioplegia protection experi- 
mental group. 

Conversely, there are also other patient, disease, or 
surgical factors aside from the cardioplegia technique that 
contribute to the overall 10% 30-day mortality and that 
could mask the existence of a real difference in donor 
cardioplegia technique. 

Not all effects of poor myocardial protection would be 
reflected in the early or 30-day mortality figures. A suffi- 
cient number of patients for meaningful comparison of 
long-term outcome in regard to differing cardioplegia 
techniques was not yet available through the International 
Heart Transplant Registry (Dr Michael Kaye: personal 
communication, 1989). 

Comparison of cardioplegic solutions for one applica- 
tion does not ensure that extrapolation to another situa- 
tion will yield similar results. In many of the clinical 
reports and previous laboratory applications of these 
extracellular cardioplegic solutions at Emory, the solution 
was oxygenated. This may negate the need for an imper- 
meant, which may be central to the effectiveness of the 
Stanford and UW solutions. The addition of oxygen may 
allow at least partial maintenance of the Na-K adenosine 
triphosphatase-driven osmotic gradient to minimize hy- 
pothermic cellular swelling and subsequent myocardial 
dysfunction. Furthermore, the favorable clinical and lab- 
oratory results with oxygenated extracellular cardioplegia 
were seen in standard coronary and valve operations with 
substantially shorter ischemic periods than encountered 
in clinical transplantation and in this transplant model. 

These data suggest that there is no significant differer.ce 
in myocardial protection between the Stanford and UW 
solutions if the acceptable type I error is set at the 5% 
level. With this sample size and the variance in these data, 
there is a significant risk of missing a true difference in 
these two protection plans. To achieve a 90% chance of 
avoiding a type II error in this experimental protocol, the 
Stanford and UW cohorts would have to have 35 individ- 
uals per group. Rather than pursuing this method of 
investigation further, future evaluation of Stanford and 
UW comparisons will be made in this laboratory using 
computer-aided systolic and diastolic left ventricular pres- 
sure—-volume relationship studies. 

It appears in light of this basic laboratory study that a 
tightly controlled comparison of the two currently clini- 
cally popular donor cardioplegia techniques shows the 
Stanford solution to be clearly superior to the extracellular 
formulations. Our clinical survey is not sufficiently rigor- 
ous to state that no difference in outcome between the two 
techniques exists. Therefore, to maximize the margin of 
safety in donor heart protection, it would be prudent. to 
adhere to the Stanford regimen for distant - dong, heart : 
procurement at this time. Sa 
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DISCUSSION 


DR ANDREW S. WECHSLER (Richmond, VA): Could we have 
your thoughts regarding the influence of reperfusion on your 
results? Do you think that what you saw could have been 
modified by an altered reperfusion technique, as reperfusion 
might not really parallel the clinical observations? 


DR STEVEN R. GUNDRY (Loma Linda, CA): This is a very nice | 


study, It echoes our opinions at Loma Linda. My associates 
and I have been using a crystalloid cardioplegic solution called 
Roe’s solution developed by Benson Roe years ago. It is very 
much like the Stanford solution except that dextrose is used 
instead of mannitol. Clinically we have gone up to 8 hours 
20 minutes of ischemia in 56 infant heart transplantations and 
have never had a graft failure due to poor perfusion and pro- 
tection. 

My question relates to that of Dr Wechsler. In studying this in 
the laboratory, did you control for the increased viscosity of UW 
solution by looking at amount of cardioplegia or time to admin- 
ister cardioplegia? In what way do you think the reperfusion 
can be altered to create a clinical correlation to the centers 
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Appendix 1. Example of a Transplant Program 
Survey Questionnaire 


Is your transplant cardioplegia the same composition as for your 


standard cardiac procedures? Circle: Yes No 
General Category Circle one: 
A. Extracellular (Na about Plasmalyte R/Isolyte S 
100-150 mEq/L, Normosol R/Ringer’s 
K abcut 20 mEq/L) lactate 
Normal/saline based 


B. Dextrose/mannitol based 
(Na < 50 mEq/L, 
K = 20-30 mEq/L) 

C. Blood cardioplegia 

D. Intracellular 


“Stanford” type 


“Modified Collins” type 


that are using the extracellular solutions with really quite good 
results? 


DR GOTT: In regard to reperfusion technique in our experimen- 
tal model, we did take advantage of previous experimental work 
demonstrating that lower reperfusion pressures may be of ben- 
efit; however, this was extended to all of our experimental groups 
equally as the goal was to study different cardioplegic solutions 
and not different reperfusion methods. We reperfused at a mean 
arterial pressure of 50 mm Hg. We reperfused with blood at 37°C 
and made no effort to keep the heart arrested during the 
reperfusion phase. 

In response to the question about the increased viscosity of UW 
solution, we did not determine the time necessary for the 
delivery of the cardioplegia, but we did note that the physical 
characteristics of the fluid are certainly different from the classic 
crystalloid solutions that we are also using. The dose of car- 
dioplegia was indexed to the animal's mass, so that equal 
volumes with clinical correlation to the doses delivered in the 
patient setting were made. 
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Over a 5-year period, 65 adult patients with empyema 
thoracis were treated. The cause of the empyema was 
postpneumonic in 52%, postresectional in 24%, a com- 
plication of minor surgical procedures in 14%, posttrau- 
matic in 5%, and the result of miscellaneous causes in 
5%. In the postpneumonic group, infection resulted from 
a single aerobic organism in 41%, multiple aerobic or- 
ganisms in 9%, single anaerobic organisms in 12%, and 
mixed aerobic-anaerobic organisms in 18%. Peptostrep- 
tococcus, Streptococcus viridans, Staphylococcus epider- 
midis, Peptococcus, Staphylococcus aureus, and diphthe- 


espite the widespread availability of antibiotics and a 

declining incidence [1], empyema thoracis remains 
a serious problem. The present series of 65 patients 
represents a typical patient population of empyema 
treated at a large tertiary-care facility with an associated 
community-based referral. 

The approach was conventional and included initial 
drainage followed by thoracotomy if the empyema failed 
to resolve. Although there are reports on the merits of 
early decortication [2], in most studies the conventional 
approach has been used. We found intrathoracic transpo- 
sition of extrathoracic skeletal muscles to be very effective 
as an adjuvant to decortication in postpneumonic empy- 
ema. The transposed muscle filled all residual intratho- 
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racic spaces after decortication, thereby avoiding the need 
for thoracoplasty. 


Material and Methods 


Over a 5-year period 65 adult patients, 60 men and 5 
women, with empyema were referred to the Thoracic 
Surgical Service of the Health Sciences Center, Winnipeg. 
The Health Sciences Center is a major tertiary-care center 
and also serves a large population of patients from the 
surrounding central area of the city. All patients with 
suspected empvema in the Center are referred to the 
Thoracic Surgical Service. The patients included in this 
series all had pleural effusion with an elevated white 
blood cell count consisting predominantly of granulocytes 
or had bacterial organisms demonstrated on Gram stain or 
culture. Parapneumonic effusions that did not meet these 
criteria are not included in this review. All pleural fluid 
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roids were the most common organisms, accounting for 
55% of bacterial isolates. All 34 patients with postpneu- 
monic empyema were initially treated with drainage, 
which was successful in two thirds. The remainder, 12 
patients, ultimately required thoracotomy. Decortication 
was combined with intrathoracic transposition of ex- 
trathoracic skeletal muscles in 9 patients. There was no 
reoperation or recurrence of infection, and thoracoplasty 
was avoided; residual spaces were filled by the trans- 
posed muscle. 

(Ann Thorac Surg 1990;50:355-9) 


specimens were routinely cultured for fungi, acid-fast 
bacilli, and bacteria under aerobic and anaerobic condi- 
tions. 

The patient population was divided into five groups as 
described by de la Rocha [3]. Group 1 consisted of patients 
with postpneumonic empyema (PPE). Group 2 consisted 
of patients in whom empyema developed after pulmo- 
nary resection. Group 3 consisted of patients in whom 
empyema developed as a complication of minor thoracic 
surgical procedures such as thoracentesis and chest tube 
insertion. Group 4 included patients with empyema sez- 
ondary to blunt or penetrating trauma to the chest, and 
group 5 consisted of a small group of patients with 
miscellaneous causes for empyema. 

The surgical approach used in patients with PPE, who 
constituted the majority of patients, was standardized 
and tended to progress in the following sequence: chest 
tube insertion, rib resection with or without open thora- 
costomy, and thoracotomy. Rib resection differed from 
open thoracostomy only in the initial management after 
operation. A short segment of rib was resected at the most 
dependent portion of the empyema. The cavity was fully 
evacuated, and loculations were broken down. A large 
drainage tube (36F) was placed, securing an airtight seal. 
For the first 4 to 5 postoperative days, drainage with 
underwater seal was used to aid reexpansion of the lung 
and to avoid the potential complication of complete pneu- 
mothorax due to incomplete pleural symphysis. Thereaf- 
ter, in the presence of a residual cavity, the tube was cut 
to facilitate continuous passive drainage with once-daily 
irrigation with sterile normal saline solution. The patients 
were discharged and reassessed with chest roentgeno- 
gram or sinogram every 4 to 6 weeks. Failure to progress 
with no decrease in size of the cavity, development of 
septic complications, or bronchopleural fistula was con- 
sidered as indication for thoracotomy. 

In patients with PPE we modified the standard postero- 
lateral thoracotomy customarily used for decortication. 
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Table 1. Causes of Empyema 


No. of 
Group Cause of Empyema Patients (%) 
1 Postpneumonic 34 (62) 
2 Postresectional 16 (24) 
3 Minor surgical procedures 9 (14) 
4 Posttraumatic 3 (5) 
5 Miscellaneous 3 (5) 

Total 65 


The skin incision was completed down to but not through 
muscle. The skin and subcutaneous tissues overlying the 
muscle caudal to the incision were then dissected off the 
lateral surface of latissimus dorsi. This was continued 
until the broad fibrous insertion into the spinous pro- 
cesses was identified. At this level, the attachments were 
cut and the muscle was detached from the iliac crest. The 
medial surface of latissimus dorsi was detached from the 
chest wall and mobilized back to the level of the skin 
incision. The chest cavity was then opened through the 
bed of the sixth rib. After decortication, the condition in 
each patient was assessed with regard to the bulk of 
muscle required to obliterate potential problem spaces. If 
the lung reexpanded to fill the entire thoracic cavity and 
there was no major bronchopleural fistula, the chest was 
closed, and latissimus dorsi was reattached to the spine 
and iliac crest with five or six interrupted sutures. If there 
were substantial areas on the anterior, lateral, or posterior 
aspects of the lung that failed to reexpand or if a large 
bronchopleural fistula was present, the remainder of 
latissimus dorsi was mobilized, leaving it attached to the 
humerus: If an additional potential space was identified in 
the apex of the thorax, the serratus anterior was detached 
from the chest wall and lateral border of the scapula, with 
the thoracodorsal neurovascular trunk carefully pre- 
served. The midportion of the third rib was resected, and 
the muscles were transposed into the thoracic cavity 
either on top of or around the lateral aspects of the lung. 
This immediately stopped all air leaks from the decorti- 
cated surface of the lung and proved enough bulk to fill 
the residual spaces. 

Management of the remaining four groups is described 
briefly to contrast the difference with the PPE patients. 


Table 2. Type of Infections in Postpneumonic Empyema 


Infection n (%) 
Single aerobe 14 (41) 
Single anaerobe 4 (12) 
Mixed aerobic-anaerobic 6 (18) 
Multiple aerobes 3 (9) 
Multiple anaerobes 0 
Culture negative 6 (18) 
Fungal 12) 
Total 34 
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Table 3. Frequency of Organisms in Postpneumonic 
Empyema 


Organism n (%) 
Peptostreptozoccus 5 (12) 
Staphylococcus epidermidis 5 
Streptococcus viridans . . 4(10) 
Peptococcus 3 (7) 
Diphtheroids 3 
Staphylococcus aureus 3 
Streptococcus pyogenes 2 (5) 
Haemophilus influenzae 2 
Fusobacteriian nucleatum 2 
Acinetobacter 2 
Bacteroides 2 
Enterobacter aerogenes 1 (2) 
Klebsiella pneumoniae 1 
Pseudomonas 1 
Microaerophilic streptococci 1 
Micrococcus species 1 
Steptococcus pneumoniae 1 
Clostridium species 1 
Anaerobic gram-positive cocci 1 
Anaerobic gram-positive bacilli 1 

Total 42, 
Results 


The causes of empyema are shown in Table 1. Postpneu- 
monic empyema and iatrogenically induced empyema 
(groups 2 and 3) accounted for 90% of cases. The type of 
infections that occurred in the 34 patients with PPE are 


. shown in Table 2. Table 3 shows the offending organisms 


in decreas.ng frequency of occurrence. Pure aerobic infec- 
tion accounted for 50% of cases, and infection with a 
single organism was by far the most common form of 
PPE. The organisms were of a diverse nature and gener- 
ally reflected the predominant organisms held to be 
responsible for the underlying pneumonia. Anaerobic ` 
organisms were involved in 30% of infections, more 
frequently in association with an aerobic organism. All 4 
patients with pure anaerobic infection had infection with 
either Pepzostreptococcus or Peptococcus, and no pure mul- 
tiple anaezobic infection occurred. The predominance of ` 
these two pathogens was also reflected in the patients 
with mixed aerobic-anaerobic infections, with 4 of 6 pa- 
tients having one or the other grown on culture. One 
patient in the mixed infection group had two, 3 patients 
had three, and 2 patients had four organisms grown on 
culture of the pleural fluid. 

Patients with PPE were treated as follows. Seventeen 
patients had a chest tube placed as the initial step in their 
management. All but 1 required rib resection, and in 14 
others this was the initial procedure. Three patients 
required cpen thoracostomy by creation of a pleurocuta- 
neous window as described by Eloesser [4] to achieve 
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better control of the septic process. Two of these and 10 
others ultimately required decortication with muscle 
transposition. In 3 patients, muscle transposition was not 
required and the mobilized lower half of latissimus dorsi 
was reattached. One patient required left lower lobectomy 
with decortication and muscle transposition. No reopera- 
tion, recurrence of infection, or death occurred in this group 
of patients. Preoperative and postoperative roentgenograms 
of 2 illustrative patients are shown in Figures 1 and 2. 


Patient 1 


Figure 1A shows the preoperative chest roentgenogram of 
a 57-year-old man with a known history of idiopathic 
pulmonary fibrosis who had PPE. After decortication, it 
was quite apparent that his fibrotic lung would not fill the 
thoracic cavity. Serratus anterior was placed in the apex of 
the thorax, and latissimus dorsi was placed over the 
lateral surfaces of the lung. The fourth to seventh ribs 
were resected to ensure that all potential spaces were 
obliterated (Fig 1B shows the chest roentgenographic 
appearance 3 months later). Therefore, we were able to 
leave the first three ribs intact to provide support for the 
shoulder. Functionally, abduction was limited to 90 de- 
grees, but otherwise range of motion was normal. 


Patient 2 


Figure 2A shows a preoperative chest roentgenogram of a 
previously healthy 55-year-old man. The PPE was pre- 
dominantly in the lower half of the posterior aspect of the 
chest, and latissimus dorsi was required to obliterate the 
empyema cavity and close the bronchopleural fistula. 
Figure 2B shows the result 6 weeks later. The patient's 
shoulder has full range of motion. 


Treatment of Other Types of Empyema 


Sixteen patients with postresectional empyema (9 acute 
and 7 chronic) were treated. In the acute group, 3 patients 
had pneumonectomy and 6 had lobectomy as their initial 
procedure. In the chronic group, consisting of 6 pneu- 
monectomy patients and 1 lobectomy patient, all had had 
operations from 1 to 29 years earlier. Treatment was 
varied and complicated and therefore had to be individ- 
ualized for each patient. Drainage with or without endo- 
scopic application of fibrin sealant was all that was re- 
quired in patients who had undergone lobectomy. Urgent 
drainage in the pneumonectomy patients usually con- 
trolled the sepsis and allowed assessment of the stump 
under elective circumstances. Two fistulas in this group 
were sealed successfully with fibrin sealant. Surgical 
closure was attempted in 4 patients and was successful in 
2. All patients required multiple operations. Two patients 
in the acute group and 1 in the chronic group died, for an 
overall 19% operative mortality rate in the postresectional 
empyema group. 

Nine patients with empyema as a complication of minor 
thoracic surgical procedures were treated. Seven patients 
had gram-positive organisms (Staphylococcus aureus, 
Staphylococcus epidermidis, and diphtheroids), and 2 pa- 
tients who had lengthy previous hospitalizations for seri- 
ous medical problems had a gram-negative organism on 
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Fig 1. (Patient 1.) A 57-year-old man with known idiopathic pulmo- 
nary fibrosis had postpneumonic empyema associated with bronchopleu- 
ral fistula (A), Serratus anterior and latissimus dorsi were required to 
obliterate the apical and posterolateral empyema cavity (B). 


pleural fluid culture. In 3 patients, pleural sepsis was 
controlled with rib resection alone; 4 subsequently re- 
quired decortication, and 1 of the 4 died. Two patients 
died before anything could be done, resulting in an 
overall mortality of 33% after inadvertent iatrogenic infec- 
tion of the pleural space. 

Three patients had empyema secondary to blunt or 
penetrating trauma to the chest. Two had penetrating 
trauma, and 1 had blunt thoracic trauma. All had hemo- 
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B 

Fig 2. (Patient 2.) A 55-year-old previously healthy man had postpneu- 
monic empyema associated with a bronchopleural fistula (A). Latissimus 
dorsi was required to obliterate the posterolateral empyema cavity (B). 


thorax, initially managed by chest tube insertion. Serial 
roentgenograms showed residual organizing hemothorax 
and partial lung collapse associated with intermittent 
low-grade fever and mild elevation of the white blood cell 
count. All patients were operated on acutely, with evac- 
uation of the hematoma and reexpansion of the lung. 
Culture of the hematoma yielded organisms. 


Ann Thorac Surg 
1990;50:355-~9 


The final group of patients includes 3 patients who had 
miscellaneous causes for empyema. One patient was a 
diabetic with S aureus septicemia complicated by empy- 
ema. One patient had an obstructing carcinoma of the 
right lower lobe treated by radiotherapy and subsequently 
complicated by empyema. Both were successfully man- 
aged with rib resection. The last patient had gastric 
perforation secondary to a paraesophageal hernia, and 
the infection was treated at the time of thoracotomy. 


Comment 


The objectives of surgical treatment of empyema thoracis 
are twofold. The infected material must be evacuated and 
the lung reexpanded. Reexpansion is of paramount im- 
portance, as a residual space will almost certainly lead to 
reinfection. Appropriate long-term antibiotic coverage is 
also required to control the local and systemic infection. 

Postpneumonic empyema constituted the leading cause 
of empyema in this series of patients. Approximately half 
of the cases resulted from infection by aerobes, one fourth 
from anaerobes, and one fourth from mixed aerobic- 
anaerobic infection. This pattern of infection was previ- 
ously reported by Varkey and colleagues [5]. The six most 
prevalent organisms, accounting for 53% of isolates, were 
common gram-positive organisms not often considered 
pathogens. In 6 patients who had been treated with 
antibiotics before their first thoracentesis, cultures failed 
to grow an organism. 

All but 1 of the 34 patients required rib resection under 
intercostal or general anesthesia. This has also been the 
experience of other investigators [6], although there is 
some controversy about the methods of drainage and the 
need for procedures other than chest tube drainage [7-9]. 
In 3 patients, open thoracostomy was required to gain 
better control of the septic process. A protocol of daily 
irrigations with normal saline solution and continuous 
passive drainage for up to 3 months resulted in complete 
resolution of the PPE in 65% of patients. 

Twelve patients required thoracotomy, and 9 required 
muscle transposition. Intrathoracic transposition of ex- 
trathoracic skeletal muscles is not new. In 1949, Maier and 
Luomanen [10] described pectoral myoplasty for oblitera- 
tion of tuberculous empyema cavities after thoracoplasty. 
More recently, muscle transposition has also proved very 
useful in the management of postresectional empyema, 
especially postpneumonectomy empyema [11-13]. In the 
series of Pairolero and co-workers [11], 11 of 31 patients 
had bronchopleural fistula with residual lung in the 
hemithorax after muscle transposition. Two of these were 
the result of chronic empyema. 

After decortication, the lung is often contracted, with 
loss of compliance owing to extensive inflammation and 
fibrosis. The time-honored approach to this dilemma is 
thoracoplasty. Although good results have again recently 
been reported with thoracoplasty [14] and interesting 
innovations have been described [9, 15], thoracoplasty 
still is problematical. It is rarely considered a one-stage 
procedure with decortication. The combined procedure 
can be very lengthy, which can be deleterious for patients. 


t- 
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Second, it is difficult to predict preoperatively or even in 
the immediate postoperative period whether a patient will 
require thoracoplasty. The result also can be cosmetically 
disfiguring and lead to chronic spine and shoulder diffi- 
culties. Therefore, based on the favorable and encourag- 
ing results reported by Pairolero and co-workers [11], we 
selected muscle transposition as an alternative to thora- 
coplasty in the management of PPE. Using the criteria 
described in the Material and Methods section, muscle 
transposition was required in 75% of our operative cases. 
This relatively high proportion may be explained by the 
initial method of management. These cases tended to be 
decorticated late, and many irreversible changes such as 
localized fibrosis may have been present by then. Even in 
these cases, we were able to avoid thoracoplasty by use of 
muscle transposition. 

The treatment of postresectional empyema, especially 
postpneumonectomy empyema with bronchopleural fis- 
tula, remains a difficult challenge. Nine of the 16 patients 
in our series had postpneumonectomy fistula. Immedi- 
ately after diagnosis, these patients had open thoracos- 
tomy. Attempts were made to close small fistulas with 
fibrin sealant and, if this was successful, the patients 
underwent the second stage of the procedure of Clagett 
and Geraci [16] later. In the remainder, the fistula was too 
large for this form of management. Two available options 
were used in our patients. These include thoracoplasty 
with muscle transposition [13], which is often combined 
with myoplasty [17] in a direct attempt to close the fistula. 
The alternative is transpericardial suturing of the residual 
stump [18], which is particularly applicable if there is a 
long residual stump [19]. In the former method, we used 
intercostal muscle bundles to close the bronchopleural 
fistula, and extrathoracic muscles were placed medial to 
the residual intercostal muscles to obliterate the pneu- 
monectomy space completely. Based on our limited expe- 
rience, we believe that this should be tried first and that 
transpericardial suturing should be reserved for failures. 

As shown by this series, iatrogenic infection ofa sterile 
pleural effusion is associated with substantial morbidity 
and mortality. In this series, one third of patients required 
rib resection alone, one third required decortication, and 
one third died early in the course of their infection, which 
reflects the serious underlying illnesses that have 
prompted hospital admission for these patients. 

Hemothorax after blunt or penetrating trauma is very 
frequent and can usually be managed adequately with 
chest tube drainage. If residual hemothorax is associated 
with partial lung collapse, fever, and leukocytosis, these 
patients should be operated on promptly. The blood clot 
is readily evacuated, and the lung easily reexpands. The 
postoperative course of these patients is short; the evac- 
uated material will usually be sterile but may grow an 
organism, especially if the trauma was penetrating. 

This series of patients demonstrates that closed chest 
tube drainage alone is usually unsuccessful and virtually 
all patients will require an operative drainage procedure. 
We found rib resection under intercostal or general anes- 
thesia to be very effective. Use of extrathoracic muscle 
transposition as an adjuvant to decortication for PPE 
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allows immediate closure of bronchopleural fistula, is 
theoretically beneficial in dealing with residual sepsis by 
obliterating potential spaces with healthy vascularized 
tissue, and avoids some of the deforming and disabling 
consequences of thoracoplasty. 
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The diastolic flow of the retrograde internal mammary 
attery (IMA) was calculated in 30 patients and compared 
with the expected coronary flow of the left ventricle and 
that of specific branches. Arterial pressure and free flow 
were méasured in the proximal and distal IMA as well as 
in the superior epigastric and musculophrenic arteries. 
Systolic and mean arterial. pressure were significantly 
higher in the proximal IMA than in any other site, but 
diastolic pressure was comparable. Overall and diastolic 
antegrade IMA flows (77 + 6 ‘and 44 + 3 mL/min) were 
significantly greater than the retrograde flows through 
the distal IMA (18.5 + 2 and 11:5 + 1 mL/min), muscu- 
lophrenic artery (13.3 + 1 and 7.9 + 1 mL/min), and 


pe mammary artery (IMA) graft has proved to be 


clearly superior to saphenous vein graft in the surgical ' 


treatment of coronary artery disease. Its excellerit long- 
term patency determines a more complete protection 
against further ischemic evénts and a better late survival. 
Adequacy of IMA flow to perfuse myocardium has been 
experimentally and.clinically demonstrated. This is true 
not only for single IMA grafts, either free or pedicled; but 
also for sequential IMA grafts. With a view to extend the 
use of IMA to distant coronary vessels, usually not 


amenable to revascularization with antegrade pedicled | 


. grafts, the distally based “inverted” or “retrograde” IMA 
graft was introduced [1-3]. 

Nevertheless, flow characteristics through this kind ‘of 
graft could be remarkably different from those of the 


antegrade graft: Retrograde IMA free flow measurements 


in. previous clinical experiences resulted in disappoint- 
ingly small absolute values, well below those usually 
found with the antegrade IMA [3, 4]. The arterial pulse in 
the retrograde IMA is delayed, however, as compared 
with that in the ascending aorta and the antegrade IMA, 
which could increase blood flow delivery during diastole 
and thus result in enhanced myocardial perfusion. 
Because thé decision to use IMA in either antegrade or 
retrograde mode must be made before the free flow in 
both directions can be measured, it would be interesting 
to know in advance the adequacy of retrograde flow. 
Therefore, we quantified the free flow of the distal stub of 
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superior epigastric artery (5.3 + 0.4.and 3.1 + 0.2 mL/ 
min). Only patient-size-related variables correlated sig- 
nificantly with retrograde IMA flow. Diastolic retrograde 
IMA flow represented 8.5% + 0.6% of the expected left 
ventricle. coronary flow and in 12 patients (40%) was 
greater than the expected flow of at least one posteroin- 
ferior coronary artery. Based on these data, the retro- 
grade IMA may adequately perfusé the posterior de- 
scending or other posterolateral coronary branches in 
select patiznts. Previous measuring of the retrograde 
flow is mandatory. 


(Ann Thorac Surg 1990;50:360-6) 


the IMA and correlated it with different somatic and 
hemodynamic variables to discover the presénce of any 
predictive value. As left ventricular myocardium is per- 
fused almost exclusively in diastole [5], the diastolic 
component of the retrograde IMA flow was calculated and 
compared with the expected flow of the posteroinferior 
coronary branches. Our intention was to determine the 
adequacy of the retrograde IMA to be used as a bypass 
graft to distant coronary vessels not reachable by the 
proximally based pedicled IMA. 


Material and Methods 


Antegrade and retrograde free flows were measured in 30 
patients (28 men and 2 women) in whom the left IMA was 
used for coronary grafting (28 sitigle and two sequential 
IMA grafts} as an antegrade pedicled graft. All patients 
underwent isolated myocardial revascularization, being 
free of associated valve disease or left ventricular hyper- 
trophy. The existence of occlusive arterial disease involv- 
ing the supradortic and aortoiliac vessels was sought by 
anaminesis, physical examination, and Doppler echocar- 
diography when necessary. Patients’ weight, height, and 
body surface area were recorded in every case. Before 
anesthesia was induced, appropriate catheters were 
placed to monitor the right radial artery pressure, central 
venous pressure, pulmonary artery pressure, and cardiac 
output. When necessary, preload, afterload, or both were 
adequately modified by infusion of either crystalloids or 
nitroglycerin to keep the hemodynamic conditions as 
stable as possible throughout the study phases. All data 
were recorded and stored. in a Siemens-Sirecust 1281 
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multichannel monitor (Siemens Medical Electronics, Dan- 
vers, MA). 

The left IMA was completely dissected free from its 
origin to its bifurcation into superior epigastric and mus- 
culophrenic arteries, as well as the first 2 cm of these 
branches. It was then generously sprayed with diluted 
papaverine (30 mg in 20 mL of saline solution) and 
wrapped in a papaverine-soaked gauze to prevent arterial 
spasm. After systemic heparinization (3 mg/kg) and be- 
fore cannulation of the aorta and right atrium, the IMA 
was divided 1 cm proximal to its bifurcation. One milliliter 
of diluted papaverine was then injected into both arterial 
ends to reverse any possible spasm, although no attempts 
were made at either hydrostatic or instrumental dilation. 

Flow measurements were made under conditions of 
clear and stable bloodstream, with the sternal halves 
maintained as close as possible to avoid IMA distortion. 
During each flow measurement, radial artery pressure 
(systolic, diastolic, and mean) and heart rate were regis- 
tered, and cardiac output was calculated. The following 
recordings and measurements were made sequentially: 


1. Internal IMA diameter was calibrated by zraduated 
probes. 

2. Free antegrade and retrograde IMA flows were mea- 
sured simultaneously for 1 minute. 

3. Both ends of the IMA were cannulated with 20-gauge 
catheters (Cathlon IV, Critikon, Creteil-l’Echat, France) 
and then connected to pressure transducers. The elec- 
trocardiogram and the pressure waves of the radial 
artery, proximal IMA, and distal IMA were recorded 
simultaneously (Fig 1). 

4, The musculophrenic branch was temporarily occluded 
and a simultaneous recording of the electrocardio- 
gram, radial artery, proximal IMA, and superior epi- 
gastric artery pressure waves was obtained. Then we 
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Fig 1. Simultaneous recording of the 
electrocardiogram and pressure waves 
of the radial artery (AP), proximal 
internal mammary artery (PIMA) 
(P1b) and distal IMA (DIMA) 
(P3a). Shaded areas correspond to 
systole (vertical lines) and diastole 
(horizontal lines) of the distal and 
proximal IMA in two separate cardiac 
cycles. Absolute values of the systolic, 
diastolic, and mean (in parentheses) 
pressures are showed on the right. 
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clamped the superior epigastric branch and obtained a 
simultaneous recording of the electrocardiogram and 
the pressure waves from the radial artery, proximal 
IMA, and musculophrenic artery. 

5. Retrograde free flows through the musculophrenic and 
superior epigastric arteries were then sequentially ob- 
tained for 1 minute after the other terminal branch was 
occluded. 


The surface area under the different pressure waves of 
the IMA system (proximal IMA, distal IMA, musculo- 
phrenic artery, and superior epigastric artery) was mea- 
sured by planimetry in five consecutive cardiac cycles, 
and a mean value was calculated. Then we proceeded 
identically with the diastolic portion of the pressure 
waves, taking as references the end of the T wave and the 
peak of the following R wave in the simultaneous electro- 
cardiogram recording (Fig 1). Thus, a diastolic/overall 
pressure area ratio was assigned to each arterial site. The 
product of this ratio times the corresponding absolute 
flow value was considered the diastolic flow component 
(DFC) of that arterial site. For purposes of the study, we 
considered IMA diameter to remain unchanged through- 
out the cardiac cycle. This assumption might overestimate 
the DFC, as a reduction in IMA diameter during diastole 
is to be expected. The delay between the onset of systele, 
determined by the peak of the R wave and the beginning 
of the ascending slope in the corresponding pulse pres- 
sure wave, was measured at each arterial level. 

The left ventricular mass and the expected left ventric- 
ular coronary flow (LVCF) were calculated in each patient 
by the method described by Schlant and associates [5], in 
the absence of clinically significant ventricular hypertro- 
phy or dilatation. Starting from the preoperative coronary 
arteriography of each patient, a myocardial value was 
assigned to every left posteroinferior coronary branch 
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Fig 2. Hemodynamic variables recorded dur- 
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ing the three phases of flow measurement: 14 
proximal and distal internal mammary artery 
ends (1), superior epigastric artery (E), and 
musculophrenic artery (M). (CO = cardiac 
output; DAP = diastolic arterial pressure; HR 
= heart rate; MAP = mean arterial pressure; 
SAP = systolic arterial pressure.) 


SAP 


using the myocardial perfusion score proposed by Fries- 
inger and colleagues [6]. The expected blood flow (EBF) 
supplied by specific coronary branches was calculated by 
applying the formula: EBF = LVCF x myocardial value/ 
15, where 15 corresponds to the myocardial value of the 
entire left ventricle. In this manner, we calculated the EBF 
of the posterior descending artery and that of the coro- 
nary vessels supplying the posterolateral aspect of the left 
ventricle, termed as first, second, and third posterolateral 
arteries. Denomination was made according to their loca- 
tion in the distal (near the posterior descending artery), 
median, or proximal segment of the posterolateral area, 
respectively, regardless of their origin in the circumflex or 
right coronary arteries. Thus, we could analyze approxi- 
mately the sufficiency of the retrograde IMA flow to 
match the EBF of specific coronary vessels. 

Statistical comparison between the different variables 
(presented as the mean + the standard error of the mean) 
was made by Student's t test for paired and unpaired data 
as appropriate. A correlation analysis between each arte- 
rial flow and different somatic (weight, height, body 
surface area), anatomical (IMA size), and hemodynamic 
variables (systolic, diastolic, and mean radial pressures 
and cardiac index) was also performed; p values less than 
0.05 were considered statistically significant. 


Results 


No patient had evidence of occlusive arterial disease 
involving either the supraaortic or the aortoiliac areas, nor 
had any patient had previous abdominal incisions. Mean 
age of the group was 57 + 2 years (range, 36 to 70 years). 
Mean weight, height, and body surface area were 73 + 2 
kg (range, 54 to 95 kg), 164 + 1 cm (range, 151 to 176 cm), 
and 1.7 + 0.02 m? (range, 1.48 to 2.04 m’), respectively. 
The mean IMA diameter was 1.6 + 0.04 mm, and in only 
one third of the patients was it 2 mm or greater. 
Hemodynamic conditions remained unchanged 
throughout the different phases of the study (Fig 2). The 

















systolic and mean pressures of the radial artery and 
proximal IMA were significantly higher than the systolic 
and mean pressures at other sites (p < 0.005 and p < 0.05, 
respectively). Diastolic pressures were comparable at all 
arterial sites (Fig 3). There was a significant increase (p < 


` 0.01) in the mean delay in pulse pressure between the 


proximal IMA (124 + 6 ms) and the distal IMA (201 + 8 
ms). The superior epigastric and musculophrenic arteries 
showed a mean pulse delay similar to that found in the 
distal IMA. 

Different arterial blood flows are shown in Figure 4. 
Free antegrade IMA flow was 77 + 6 mL/min (range, 37 to 
165 mL/min), and its DFC was 44 + 3 mL/min (range, 23 
to 91 mL/min). The free retrograde IMA flow (18.5 + 2 
mL/min; range, 10 to 34 mL/min) and its DFC (11.5 + 1 
mL/min; range, 6 to 21 mL/min) were significantly smaller 
than the antegrade flows (p < 0.001). The retrograde flow 
of the superior epigastric (overall, 5.3 + 0.4 mL/min; DFC, 
3.1 + 0.2 mL/min) and musculophrenic arteries (overall, 
13.3 + 1 mL/min; DFC, 7.9 + 1 mL/min) were even 
smaller. Overall flow and DFC were both significantly 
greater (p < 0.001 and p < 0.01, respectively) in the 
musculophrenic than in the superior epigastric artery, 
although the diastolic/overall pressure area and flow ratio 
was identical. This ratio was slightly but statistically 
greater in the retrograde IMA than in the antegrade IMA 
(0.60 + 0.01 and 0.57 + 0.01, respectively; p < 0.05). 

When the correlations between IMA flows and different 
somatic data were analyzed, only the distal IMA and 
musculophrenic backflows correlated significantly with 
variables related to patients’ size (p < 0.01 for weight and 
p < 0.05 for height and body surface area). With regard to 
hemodynamic variables, we found significant correlation 
only between diastolic and mean arterial pressures and 
antegrade IMA flow (p <-0.05). When flows were corre- 
lated among themselves, the only significant correlation 
was between backflow of the distal IMA and that of the 
musculophrenic artery (p < 0.05). In every instance in 
which a variable correlated significantly with an overall 
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Fig 3. Comparison of the pressure values re- 
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flow, it also correlated significantly with its diastolic 
components. 

Mean left ventricular mass was 160 + 4 g (range, 119 to 
209 g), and the expected LVCF was 128 + 3 mL/min 
(range, 95 to 167 mL/min). The mean overall retrograde 
IMA flow represented 14.4% + 0.9% of the expected 
LVCF (range, 8% to 24%); it was more than 10% in 21 
patients (70%) and more than 20% in only 6 (20%). When 
only the diastolic component of the retrograde IMA was 
considered (mean, 8.5% + 0.6% of the LVCF; range, 5% to 
15%), only 12 patients (40%) reached 10% of LVCF and 
none was more than 20%. 

A mean of 2.9 + 0.2 coronary branches supplied the 
posteroinferior left ventricular area, including the poste- 
rior descending artery. Twenty-five patients had a first 
posterolateral, 18 had a second posterolateral, and 16 had 
a third posterolateral artery. According to the myocardial 
perfusion score, the mean percentage of LVCF corre- 
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corded at different arterial sites. (D = distal 
internal mammary artery; E = epigastric artery; 
M = musculophrenic artery; P = proximal in- 
ternal mammary artery; R = radial artery.) 





sponding to each one of these vessels was 12.8 + 0.4 for 
the posterior descending artery and 11.8 + 1.2, 8.4 + 0.5, 
and 8.3 + 0.5 for the first, second, and third posterolateral 
arteries, respectively. Thus, the DFC of the retrograde 
IMA was greater than the EBF of at least one of these 
vessels in 12 patients (40%). Overall, a mean of 1 + 0.2 
posteroinferior coronary branches per patient were theo- 
retically suitable for grafting with the retrograde IMA. 


Comment 


Use of the IMA in myocardial revascularization is now 
identified as an important factor influencing early and late 
results [7, 8]. Its structure and adaptability condition a 
more physiological myocardial perfusion than do the 
venous grafts [9, 10]. In addition, the limited involvement 
of the IMA by the pathological phenomena responsible 
for late vein graft failure determines its excellent long- 


Fig 4. Absolute blood flow values, overall (T) 
and diastolic (D), and percentage of diastolic 
MF y flow component (%) of the different flows. 
(DIMA = distal internal mammary artery; MF 
= musculophrenic artery; PIMA = proximal 
internal mammary artery; SE = superior epigas- 
tric artery.) 
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term patency [11, 12]. On the other hand, the greater 
technical complexity inherent to IMA grafting seems to 
carry neither associated morbidity nor additional opera- 
tive risk [13]. Use of the retrograde IMA should offer 
better revascularization to inferior and posterolateral cor- 
onary branches not amenable to grafting with the length- 
limited proximally based IMA. Thus, the retrograde IMA 
should be considered exclusively as an alternative to other 
arterial grafts, which may be more technically demanding 
or increase the complexity of the operation. 
Experimental studies by Florian and co-workers [14], 
Folts and associates [15], and, more recently, Von Sege- 
sser and colleagues [16] clearly demonstrated that the 
flow of the retrograde IMA was sufficient to perfuse 
adequately every myocardial region in the dog. Despite 
this evidence, reports of use of retrograde IMA in humans 
have been anecdotal only. Initial clinical experience began 
with Kolesov and Petukhov [1] in the late 1960s. They 
anastomosed, without cardiopulmonary bypass, the ret- 
rograde left IMA to the distal left anterior descending 
artery in several patients with immediate clinical success. 
Previous experimental work by these investigators 
showed the retrograde IMA pressure (range, 22 to 75 mm 
Hg) to be sufficient to perfuse the left antezior descending 
artery distal to a complete occlusion. They found this graft 
especially indicated when distal coronary segments were 
to be grafted, if the left IMA was short, or if this artery 
was damaged proximally during graft preparation. More 
recently, Goiti and Smith [2] and Livi and co-workers [3] 
each reported 1 case of retrograde right IMA grafting to 
the posterior descending artery, with indirect evidence of 
adequate flow. Nevertheless, Livi and co-workers [3] and, 
more recently, Cohen and associates [4] issued a word of 
caution about the poor retrograde IMA flow observed in 
humans, judged in most instances as not suitable for a 
secure revascularization of major coronary vessels. 
Although there is no agreement as to the smallest IMA 
free flow required to warrant perfusion to every myocar- 
dial area, it should exceed the expected flow demand of 
the vascular bed to be perfused. Minimal recommended 
antegrade IMA free flows average 50 to 60 mL/min for 
single grafts and about 150 mL/min for sequential ones, 
both in basal conditions [17, 18]. Other investigators 
require flows greater than 120 mL/min after either IMA 
dilation or sternal approximation [19]. Nevertheless, the 
main determinant of the effective flow in the grafted IMA 
is the runoff in the involved coronary bed and not the free 
IMA output [19]. In fact, when the flow through the 
performing antegrade IMA graft is assessed by different 
methods, values are consistently smaller, about 35% to 
45% of the previously measured free flows [17, 19, 20]. 
Free flows recorded in the retrograde IMA have been 
essentially smaller than those in the antegrade IMA. 
Thus, in 32 patients studied by Cohen and co-workers [4], 
mean retrograde flow was 24 mL/min (32% of antegrade 
flow), although the possibility of some underassessment 
owing to more difficult measuring was reported. Based on 
this finding, they recommended that the IMA not be used 
in the retrograde position. In contrast, the previously 
mentioned experimental studies [14-16] proved that, with 
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absolute flow values comparable with those noted in 
humans, the retrograde IMA was appropriate for supply- 
ing certain myocardial regions. Moreover, the significant 
flow reduction noted in the already performing antegrade 
IMA grafts (mean effective flow, 40% of the previously 
measured free flow [17, 19, 20]) appears to be smaller in 
the case of the retrograde IMA graft (effective flow was 
62% of the free flow in the study of Folts and associates 
[15]). This could be explained by a more advantageous left 
ventricular perfusion by the retrograde IMA owing to the 
arterial pulse delay. 

Our study was designed to quantify the magnitude of 
the diastolic component of the retrograde IMA flow, its 
determinants, and its adequacy to perfuse some myocar- 
dial regions. Even though intraoperative measurement of 
the IMA free flow is subject to some criticism because of 
the influence of conditions such as arterial spasm or 
distortion [15, 21], it still remains the most widely used 
method of determining graft suitability. A good correla- 
tion has been demonstrated between free flow and max- 
imal flow in the grafted IMA; the latter was measured 
after administration of isoproterenol [22]. With these 
objections in mind, free flow measurement is strongly 
recommended for both antegrade and especially retro- 
grade IMA grafting [2, 3, 15, 18]. Mean antegrade IMA 
flow in our patients was in the lower range of that 
reported by other investigators [17, 19, 23], although the 
hemodynamic conditions were comparable. This could be 
a consequence of differences in patient size, but we could 
not confirm this because the somatic data of the study 
population were not reported in most series. Our results 
are in accord with those recently reported by Suma and 
colleagues for a population with a body structure similar 
to that of our patients [24]. 

Because IMA flow is in part destined to supply muscu- 
lar tissue of the thoracic wall, vessel size and backflow 
could be determined by the degree of development of 
these muscular groups. In fact, in our study, the retrograde 
IMA flow correlated significantly only with variables 
related to body size. The latter also correlated significantly 
with the retrograde flow through the musculophrenic artery 
but not with that through the superior epigastric artery. In 
our experience, the retrograde flow through the muscu- 
lophrenic artery constituted more than 70% of the overall 
retrograde IMA flow. Because there were no differences’ 
according to size or blood pressure in both terminal 
branches, the greater backflow in the musculophrenic 
artery probably resulted from its better collateralization 
with the descending thoracic aorta through the last inter- 
costal arteries. In contrast, the superior epigastric branch 
connects with the ascending inferior epigastric artery 
through high-resistance terminal vessels. Preservation of 
the musculophrenic artery and as many intercostal 
branches as possible appears to be of great importance to 
achieve an adequate graft. Such was the technique used in 
previous clinical cases and experimental studies [2, 3, 14, 
15], in which retrograde flow exceeded that which oc- 
curred in our experience. Although the retrograde IMA 
graft could be expected to be especially useful for patients 
with a large body frame and well-developed thoracic 
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muscles, we failed to find a critical body size defining the 
group of patients with suitable retrograde IMA. No so- 
matic variable showed a significant correlation with the 
antegrade IMA flow. 

Diastolic and mean arterial pressure, which correlated 
significantly with the antegrade IMA flow, failed to cor- 
relate with the retrograde flow through the distal IMA 
and its terminal branches. This suggests the influence of 
unknown anatomical conditions, such as the develop- 
ment of collaterals or the presence of urireversed-arterial 
spasm during the flow measurements. The first hypoth- 
esis is strongly supported by the significant increase in the 
reversed IMA flow found experimentally late after proxi- 
mal IMA ligation [15]. On the other hand, the importance 
of arterial spasm, even when preventive measures are 
taken, was recently stressed by Mills and Bringaze [25]. 
Moreover, injection of papaverine into the short distal 
IMA end might result in a less beneficial effect than in the 
large proximal end owing to its “bleeding off” through 
adjacent collateral branches. 

Pulse pressure delay between the antegrade and retro- 
grade IMA was responsible for the modest but statistically 
significant increase in the diastolic flow/overall flow ratio 
(0.60 versus 0.57). The absolute value of the DFC of the 
retrograde IMA was significantly smaller than that of the 
antegrade IMA, however. This appears to result from the 
lower mean pressure in the former, a consequence of the 
high-resistance vessels that supply it. Coincidentally, the 
same ratio found in our study between DFC and overall 
flow in the retrograde IMA [0.60] was found by Folts and 
associates [15] when they compared the flow in the 
already anastomosed retrograde IMA to the previously 
measured free flow. Assuming that the ratio of Folts and 
associates [15] is constant, 40% of our patients would have 
an effective reversed IMA graft flow greater than 10% of 
the expected LVCF. Theoretically, this amount of flow 
corresponds to the expected flow of coronary vessels such 
as the posterior descending artery or posterolateral 
branches in most patients [6]. In fact, in 40% of our 
patients, the DFC in the retrograde IMA was greater than 
the EBF of at least one of such arteries. Because of the 
limited pressure and flow capacity of the retrograde IMA 
observed in our study, however, it appears reasonable to 
restrict its use to graft coronary vessels with high-grade 
stenosis or complete occlusion. There is no reason not to 
assume that the retrograde IMA has the same capacity of 
demand-responsive size adaptation as the proximally 
based antegrade IMA [9]. 

Although the main objective of maximizing the use of 
arterial grafts is to assure a durable and unimpeded 
myocardial blood supply, the possibility of a reoperation 
always exists, especially in younger patients. Reopera- 
tions in patients with retrograde IMA grafts could in- 
crease the difficulty of the procedure, mainly when the 
IMA is grafted to the left anterior descending artery, as is 
the case in other extraanatomical arterial grafts (ie, right 
gastroepiploic artery). Later abdominal operations might 
also pose risk to the retrograde IMA flow if the superior 
epigastric artery were damaged. 

Based on our results, use of the retrograde IMA to 
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revascularize coronary branches not suitable for the ante- 
grade pedicled IMA in select patients appears reasonable. 
For this purpose, both terminal branches and as many 
intercostal arteries as possible should be preserved., The 
greater flow supply expected if the graft i is so prepared 
should counteract the greater impedance of the longer 
pedicle necessary to use the retrograde IMA in the clinical 
setting. This would require further confirmation, how- 
ever. Because retrograde flow magnitude cannot be fully 
anticipated, it should always be measured once the IMA is 
divided as high as possible; an insufficient retrograde flow 
would induce us to use the IMA as a free graft. This 
technique of revasculatization could be especially useful 
in patients with a large body structure and in patients 
with obstruction or stenosis of the ipsilateral subclavian 
artery. 
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Failure of mitral valve reconstructive procedures often 
may be ascribed to severe or progressive alterations of 
subvalvar apparatus. Expanded polytetrafluoroethylene 
sutures were used to replace anterior leaflet mitral valve 
chordae in 8 animals (hypertensive dogs and growing 
sheep). After the positive results obtained during a 
13-month follow-up, 5-0 sutures of the same material 
were introduced in clinical practice to replace mitral 
valve chordae. Twelve patients had two to six anterior 
leaflet chordae replaced for degenerative or rheumatic 
disease. In 3 patients, the intraoperative result was not 
acceptable and a prosthetic valve was inserted during the 


M valve repair has obvious theoretical advantages 
over replacement with an aitificial device. For 
successful repair, all the disordered components of the 
mitral apparatus must be fixed in each case. Annular 
dilatation is successfully handled by suture [1-4] or ring 
[5, 6] annuloplasty, but neglect of chordal elongation will 
result in a poor outcome [4]. Chordal elongation may be 
successfully treated with different shortening procedures 
(7. 8], and posterior leaflet chordal rupture is repaired 
with rectangular resection [7]. Multiple rupture of the 
anterior leaflet chordae still presents difficulty [6, 9, 10]. 
The posterior cusp transposition. advocated by Carpentier 
[7, 11] presents limitations related to the degree of dif- 
fuseness of the disease: the posterior scallop that is to be 
transposed must be normal; if a normal scallop is trans- 
posed but the remaining posterior cusp is abnormal, the 
result may be unsatisfactory. 

Both experimentally and clinically, pericardium from 
various sources and prepared in various ways has been 
extensively used for cusp and chordal replacement and 
repair (10, 12-16]. Pericardium prepared with glutaralde- 
hyde behaves beiter in chordal applications than when it 
is used as cusp material. However, although it heals well 
to both cusp and papillary muscle and neither elongates 
nor shortens, it does thicken with time and would be of 
questionable utility for multiple chordal replacement. In 
the cardiothoracic surgery laboratory of the Albert Ein- 
stein College of Medicine, 2-0 and 3-0 expanded polytet- 
rafluoroethylene (ePTFE) stitches (W.L. Gore & Assoc, 
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same operation. One case of late failure has been re- 
corded so far (18 months after the procedure), owing to 
rupture of a natural chorda shortened at operation. Since 
that event, we have implanted supportive artificial chor- 
dae in case of diffuse alteration of natural chordae. The 
remaining patients show satisfactory hemodynamic re- 
sults, and no valve-related events have been recognized 
up to 30 months after operation. We suggest use of 5-0 
polytetrafluoroethylene sutures in replacing anterior 
leaflet chordae in degenerative, rheumatic, and congeni- 
tal mitral valve diseases. 

(Ann Thorac Surg 1990;50:367-73) 


Flagstaff, AZ) were introduced for chordal replacement in 
juvenile sheep with striking results [16]. The ePTFE su- 
tures became covered with host tissue so that both histo- 
logically and grossly they resembled natural chordae. This 
observation was confirmed by Revuelta [17]. The combi- 
nation of 2-0 ePTFE and tissue covering produced chordae 
that were less flexible than normal, however. In the hope 
of achieving new chordae with flexibility equivalent to 
normal chordae, we tested 5-0 ePTFE sutures for chordal 
replacement in juvenile sheep. We report these experi- 
mental studies and the results of introduction of this 
procedure to clinical use in the cardiac surgery depart- 
ment of Ospedale Regionale, Treviso, Italy. 


Material and Methods 


Animal Experiments 


At Albert Einstein College of Medicine in 1985, we per- 
formed eight animal experiments: four in dogs (naturally 
hypertensive greyhounds) and four in weanling sheep. 
All animals received humane care in compliance with the 
“Guide for Care and Use of Laboratory Animals” pub- 
lished by the National Institutes of Health (NIH publica- 
tion No. 85-23, revised 1985). The anesthetic management 
and the surgical procedure for establishing cardiopulmo- 
nary bypass have been reported previously [18]. In each 
animal, two to four first-order anterior leaflet chordae 
(ALC) were replaced by 5-0 ePTFE stitches. The sutures 
were attached to the papillary muscles in mattress shape 
and were reinforced with Teflon or PTFE pledgets, one on 
each side of the muscle, with two chordae obtained for 
each stitch. The two ends of the suture were fixed 
separately to the margin of the anterior leaflet, with the 
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Fig 1. Expanded pitja nobler suture (c) replacing two 
main chordae of the mitral valve anterior leaflet (AML). Open ar- 
rows indicate PTFE pledgets. Dark arrow gione hemostatic clip. 


stitch brought throigh the ẹdge and tied around a hemo- 
static clip (Edward Weck, Research Triangle Park, NC) or 
a small PTFE pledget (Fig 1). The exact length of the 
artificial chorda was set according to the mules suggested 
by Frater and colleagues [10-12]. 

After the animal. „was weaned from CPB, left atrial and 
left veritricular pressures were recorded. Cephalothin, 1 
g, was administeréd subcutaneously for 5 days postoper- 
ey No anticoagulant regimen was instituted. One 


Table 1. Clinical Data 
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dog cied of bleeding 24 hours after operation. The 7 
surviving animals were followed for signs of mitral incom- 
petence; only 1 showed such signs. The animals were 
killed electively 6 to 13 months after operation; before 
they were killed, we performed a cardiac catheterization 
with left ventriculography ir in 5 animals. After gross exam- 
ination, the specimens were fixed for light microscopy 
and scanning electron microscopy. 


Clinical Experience 


After experimental results were obtained, we began clin- 
ica] ‘use of 5-0 ePTFE sutures in the treatment of mitral 
valve pathology in the Treviso (Italy) cardiac surgery 
department. From November 1986 to November 1988, 12 
patients underwent open heart operation with implanta- 
tion o= two to six artificial chordae. Clinical data are 
shown in Table 1. The procedure was performed using 
cardiopulmonary bypass with moderate hypothermia 
(28°C) and crystalloid cardioplegic arrest. The technique 
of chordal insertion was identical to the experimental 
procedure except that after the two ends had been fixed at 
the proper length by the hemostatic clip (Edward Weck) 
the ends were passed through a small ePTFE pledget and 
tied. Suture [4] or Carpentier-Edwards ring (American 
Edwards Laboratories, Santa Ana, CA) annuloplasties 
were performed in 7 and 2 patients, respectively; other 
associazed procedures are shown in Table 2. In no patient 
was chordal replacement the only procedure. The result 
was evaluated intraoperatively in all patients by left 
ventricle pressure filling with saline solution under direct 
vision end, after weaning from cardiopulmonary bypass, 
by epicardial two-dimensional echocardiography in the 
last 7 patients. No anticoagulant therapy was instituted. 
The follow-up has been obtained from all patients by 
direct examination, and the result is controlled by two- 
dimens. onal echocardiography every 6 months. 











Patient Age “NYHA : ae l Associated Valvar 
No. Sex (y) Class Cause Mitral Dysfunctiqn Chordae Commissures Leaflets Prolapse Disease 

1 F 65 fiv Deg. Incomp. Broken, elong. a Myx, Ant. 

2 M 34 i Deg. Incomp. Broken, elong. ass Myx. Ant. 

3 F 62 H Rheum.  Incomp. Broken, fused Calcif. as T 

4 M 41 MW Rheum. Incomp. Elong. aah Calcif. Ant. AO, sten. 

5 F 38 IH Rheum. Sten. Fused Fused ` Calcif. beats i 

6 F 55 Deg. Incomp. Broken, elong. ee Myx. Ant., post. 

7 M 49 I Deg. Incomp. Broken, elong. ayes Myx. Ant., post. 

g F 40 Im Rheum. Sten., incomp. Elong. Fused Calcif. Ant. 

9 M 59 Ill Deg.’ Incomp. —_ Ellong. yat Myx. Ant., post. ne 

10 M 61 IV Endoc. Incomp. Broken a Ant., post. AO, tric. incomp. 
11 P 57 I Rheum.  Incomp. Broken ae sie Ank 

12 M i 51 H Rheum. Sten., incomp. Broken, fused Fused Ant., post. 

Ant. = anteribr; l AO = aortic; calcif. = calcific; deg. = degenerative; ebng. = elongated; endoc. = endocarditis; incomp. = 
inconipetence; . myx. = myxomatoys; NYHA’= New York Heart Association; post. posterior; rheum. = rheumatic; sten. = 


stengsis; ` trit. = = tricuspid. 


t 


Tr 
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Table 2. Surgical Procedures 
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Intraoperative 
Patient PTFE Associated Valvar Two-Dimensional 
No. Chordae Side Associated Mitral Procedures Procedures Hydrodynamic Test Echocardiography 
1 4 Ant. Chordae shortening, suture No incomp. 
annuloplasty 
2 2 Ant. Suture annuloplasty 2+ incomp.* 
3 4 Ant. CA debridement, suture 2+ incomp.* 
annuloplasty 
4 2 Ant. Suture annuloplasty AVR No incomp. 
5 2 Ant. Commissurotomy, CA No incomp. 
debridement, suture 
annuloplasty 
6 6 Ant., post. Suture annuloplasty 1+ incomp. 2+ incomp.* 
7 4 Ant. Rectangular resection, suture No incomp. No incomp. 
annuloplasty 
8 4 Ant. Commissurotomy, suture No incomp. No incomp. 
annuloplasty 
9 4 Ant. Rectangular resection, ring No incomp. No incomp. 
annuloplasty 
10 2 Ant. Suture annuloplasty AVR, tric. annuloplasty 1+ incomp. 1+ incomp. 
11 2 Ant. Ring annuloplasty No incomp. No incomp. 
12 2 Ant. Rectangular resection, ring No incomp. No incomp. 


annuloplasty 





a Mitral valve replaced during the same operation. 


AVR = aortic valve replacement; CA = calcium; 


Results 


Animal Experiments 


Cardiac catheterization performed before the animals 
were killed showed only 1 case of mild mitral incompe- 
tence, which was demonstrated, at gross examination, to 
result from an incorrect chordal measurement at opera- 
tion. Gross examination showed all artificial chordae to 
have retained their original length. In 1 animal, the two 
ends of the same suture were placed too close, became 
fused, and formed one chorda with, however, a diameter 
still similar to that of natural chordae (Figs 2, 3). The 
healing to the papillary muscle was good in all instances, 
whereas on the cusp side 2 animals had a mild inflamma- 
tory reaction. The pliability was gravity-tested in the fresh 
specimens, comparing the degree of bending of the ex- 
planted host incorporated artificial chordae and the same 
length of natural chordae in response to gravity; they 
were identical [19]. 

At histological examination, the sutures appeared to be 
progressively covered, from both papillary muscle and 
leaflet sides, by a uniform sheath of fibrous tissue (Fig 4) 
connected with the underlying artificial tissue by fibrous 
bridges. The surface was smooth and almost completely 
covered by a neointimal cellular sheath (Fig 5). Our 
observations confirmed previous data [16] from our labo- 
ratory suggesting that the fibrous tissue overgrowth is a 
self-limiting process; no significant differences could be 
found in the thickness of the sheath among animals 
investigated from 6 to 13 months after operation. No 


PTFE = polytetrafluorcethylene; 


other abbreviations as in Table 1. 


calcification or thrombi were detected. No differences in 
gross and histological findings were noted between sheep 
and hypertensive dogs. 


Clinical Experience 


INDICATIONS. Tables 1 and 2 show that clinical application 
of the technique of chordal replacement as an adjunct to 
the many other maneuvers of mitral valve repair has 
rapidly resulted in extension of the indication beyond the 
simple presence of a ruptured anterior cusp chorda. 

Calcium debridement was the cause for chordal replace- 
ment in 2 patients (see Table 2); in these patients, after we 
performed a commissurotomy, the leaflet motion was still 
restricted owing to calcification of major chordae up to the 
leaflet junction, while the pliability of the nonappositional 
part of the leaflet was satisfactory. The calcified chordae 
were therefore replaced by two ePTFE sutures. Four other 
patients had four to six artificial chordae inserted as 
support of diffusely diseased subvalvar apparatus (elon- 
gation and weakening of most first-order chordae, besides 
the rupture of at least one of them). 


INTRAOPERATIVE RESULTS. With the hydrodynamic intra- 
operative test, the result was judged to be satisfactory in 
10 patients, whereas 2 patients (1 with rheumatic and the 
other with degenerative mitral disease) had the valve 
replaced. 


FOLLOW-UP RESULTS. No hospital mortality was registered 
among the 12 patients, and the 9 who were discharged 
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Fig 2. Experimental specimen in which two artificial chordae, al- 
though fused in one sheath (arrows), retained a diameter similar to 
natural chordae. 


Fig 3. Same specimen as in Figure 2 
observed by scanning electron micros- 
copy. Natural chordae (A) and artifi- 
cial chordae (B) show the two fused 
expanded polytetrafluoroethylene su- 
tures (arrows). (X35 before 29% 
reduction.) 
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from the hospital with artificial chordae have been fol- 
lowed by two-dimensional echocardiography (Table 3). So 
far only 1 patient (the 1 in whom chordae shortening had 
been performed) showed recurrence of mitral regurgita- 
tion 18 months after operation. The sudden manifestation 
of clinical signs of mitral incompetence indicated urgent 
operation. At reoperation, one of the shortened natural 
chordae was torn and the suture annuloplasty dehisced, 
while the artificial chordae were still in proper position 
with retained length. Gross and histological examinations 
showed changes similar to those of the experimental 
specimens with a slower rate of host tissue overgrowth 
(Fig 6). Since that experience, in patients with diffuse 
myxomatous chordal and leaflet degeneration we have 
inserted new chordae in the presence of attenuated as 
well as ruptured native chordae and have used a ring for 
the annuloplasty. 

No deaths or other valve-related complications have 
been recorded, and the patients are in functional class I (7 
patients) or II (1 patient) after a follow-up ranging from 2 
to 25 months (mean, 12.3 months). 


Comment 


After the disappointing results obtained with the triangu- 
lar resection of the anterior mitral leaflet, two valuable 
techniques have been suggested for correcting ALC mul- 
tiple rupture [7, 11]: fixing the leaflet free edge to second- 
ary chordae and transposition of posterior leaflet cusp and 
chordae. In both cases, almost normal strong chordae, 
adjacent or opposite to the damaged area, are required to 
obtain a satisfactory result; such chordae are not present 
in most degenerated valves. Moreover, the potential for 
progression of the disease of residual abnormal chordae 
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has always been a concern. In the past, these factors 
caused multiple ALC rupture to be a contraindication to 
mitral valve repair (4, 6, 9]. Postrheumatic calcification of 
ALC often results in restricted motion of the anterior 
leaflet even after a proper commissurotomy with papillary 
muscle splitting [4]; only replacement of the calcified 
chordae would restore an adequate valve motion in these 
cases. The tendency of biological materials used for this 
purpose to stiffen [10, 12-15] led us to be cautious about 
their use in this application. 

For these considerations we began a program to evalu- 
ate the feasibility of replacing ALC with artificial chordae. 
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Fig 4. Expanded polytetrafluoroeth- 
ylene chordae (A) partially covered by 
growing fibrous tissue (arrows). 
(X25 before 29% reduction.) 


The new ePTFE was chosen for the theoretical advantages 
connected with the microstructure of this material with its 
property of permitting attachment and infiltration of 
collagen cells and potential neointimal growth [16]. Vetter 
and co-workers [16] showed, however, that 2-0 and 3-0 
sutures covered by a neofibrosa and neointima became 
thicker than natural chordae. Our experiments with 5-0 
ePTFE sutures completely confirmed the previous find- 
ings with thicker sutures but yielded new chordae as 
flexible as the native chordae. With further independent 
experimental confirmation from Revuelta [17], we pro- 
ceeded to clinical trials. At first, indications were limited 


Fig 5. The sheet of neoendothelial 
cells covering the fibrous tissue is 
incomplete, resulting in a portion of 
exposed expanded polytetrafluoroeth- 
ylene sutures (A). 
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Table 3. Follow-up 





Two-Dimensional Valvar 





Patient NYHA Echocardiography Area 

No. Months Class (6 mo) (cm?) MVR 
1 18 H No incomp. 2.8 Yes? 
4 25 I No incomp. 22 No 
5 20 I No incomp. 2.5 No 
7 15 I No incomp. 3.0 No 
8 15 I No incomp. 2.6 No 
9 7 jj No incomp. 3.0 No 

10 6 H Mild incomp. 2.8 No 

11 3 I No 

12 2 I No 





* Eighteen months after operation owing to recurrent mitral regurgitation. 


Incomp. = incompetence; MVR = mitral valve replacement; 
NYHA = New York Heart Association 


to young patients with degenerative pathology and mul- 
tiple rupture of ALC. The preliminary reassuring findings 
in these cases, and the report of similar clinical results by 
David [20], led us to extend the application to rheumatic 





Fig 6. Clinical specimen from the only reoperated patient (see text for 
explanation). The artificial chordae (A) are still almost completely un- 
covered by fibrous tissue (B), demonstrating a slower rate of tissue 
overgrowth in comparison with experimental specimens. 
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disease as well when the stiffness of some chordae main- 
tained a restricted motion of the anterior leaflet after 
comrnissurotomy. Finally, the only postoperative failure 
in our series, which resulted from progression of degen- 
erative disease, indicated a further application as support 
in patents with diffuse myxomatous chordal alterations. 

The relative ease of this technique does not result in 
excessive ischemic time and allows the possibility of 
prompt valve replacement without excessive risk. The 
conventional limits in mitral valve reconstruction can be 
pushed without increasing operative risk [21]. 

In cur experience the intraoperative assessment of 
mitral valve function, performed by hydrodynamic tests 
and two-dimensional echocardiography, was shown to be 
reliable in predicting postoperative results. So far, we 
have cbserved no failure of the artificial chordae in clinical 
use up to 30 months of follow-up. 

The early clinical experience using ePTFE as chordal 
replacement in rheumatic and degenerative mitral valve 
disease has been encouraging. Its use as an adjunct to the 
other maneuvers of mitral valve repair has made it possi- 
ble to retain valves that otherwise would have needed 
replacement. 





The laboratory investigation could not have been done without 
the technical skills of A. Leon, P. Bon, F. Rivera, and F. 
Wasserman, 


During the laboratory investigation, Dr C. Zussa was Research 
Fellow of the W. R. Heart Foundation at Albert Einstein College 
of Medicine, Bronx, New York. 
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Notice From the Southern Thoracic Surgical Association 


The Thirty-seventh Annual Meeting of the Southern Tho- 
racic Surgical Association will be held at the Hyatt Re- 
gency Cerromar Beach, Puerto Rico, November 8-10, 
1990. There will be a $155 registration fee for nonmember 
physicians except for guest speakers, authors and co- 
authors on the program, and residents. There will be a $50 
registration fee for attendees of the Postgraduate Course, 
which will be held the morning of Thursday, November 8, 
1990. The Postgraduate Course will provide in-depth 
coverage of thoracic surgical topics selected primarily as a 
means to enhance and broaden the knowledge of practic- 
ing thoracic and cardiac surgeons. 


Advance registration forms, hotel reservation cards, 
and details regarding transportation arrangements will be 
mailed to Association members. Nonmembers should 
write to the Secretary-Treasurer, Gordon F. Murray, MD 


Gordon F. Murray, MD 
Secretary-Treasurer 

Southern Thoracic Surgical Association 
111 East Wacker Drive 

Chicago, IL 60601 


Effects of Left Ventricular Assist for Cardiogenic 
Shock on Cardiac Function and Organ Blood 


Flow Distribution 
S. Sukehiro, MD, and W. Flameng, MD 


Laboratory of Experimental Cardiac Surgery, Department of Cardiac Surgery, Katholieke Universiteit Leuven, Leuven, Belgium 


Organ blood flow distribution was studied in dogs sub- 
jected to a left ventricular assist device (LVAD). In 
normal hearts (group 1), left ventricular work was re- 
duced by 25% when 35% of cardiac output was per- 
formed by the LVAD. Organ perfusion, measured with 
tracer microspheres, remained normal or slightly in- 
creased. After induction of cardiogenic shock (group 2), 
perfusion deteriorated in all organs, but first in the brain, 
kidney, and intestinum. All animals died within 1 hour. 
When maximal inotropic support was administered after 
shock (group 3), hemodynamics improved but perfusion 
to most organs decreased progressively and 83% of ani- 
mals died within 2 hours. When the LVAD was inserted 
after shock but without inotropic support (group 4), 
perfusion of all organs became normal during LVAD 


ince Stuckey and colleagues [1] applied a mechanical 
circulatory assist system for a patient in 1957, many 
new systems have been developed [2, 3]. The basic idea of 
a left ventricular assist device (LVAD) is very simple: the 
blood entering the left atrium and the left ventricle, which 
cannot be pumped out by the failing heart, is removed 
through a cannula and, by means of an extracorporeal 
pump, is driven into the arterial system [3, 4]. It is 
possible to reach high flows during support using this 
technique. The LVAD does not use an oxygenator, and 
full heparinization is not necessary. It can be implanted 
for several hours up to several days and can be removed 
wien the heart is able to sustain its own circulation. The 
decision to implant such a device is difficult for many 
reasons, however. First, use of an LVAD implies chronic 
implantation of cannulas connected to an extracorporeal 
pump system. Furthermore, removal of the system reé- 
quires a second operation. Both factors increase the risk of 
postoperative infection considerably. Second, how fast 
and to what extent the failing myocardium will recover is 
generally unknown. Third, because implantation of an 
LVAD is always preceded by a certain period of cardio- 
genic shock, organ blood flow (brain, kidney, liver) is 
compromised and the extent to which the LVAD system is 
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except for kidney flow, which remained severely de- 
pressed (56% of preshock value). After LVAD insertion, 
hemodynamics did not recover completely, and 33% of 
the animals died within 3 hours. When use of the LVAD 
was combined with 5 pg - kg~*- min of dopamine 
after shock (group 5), organ blood flow distribution 
became normal during and after LVAD use except for 
renal flow, which was significantly impaired (83% of 
preshock value). Hemodynamics recovered after LVAD 
use, and all animals survived in this group. We conclude 
that use of the LVAD combined with low-dose positive 
inotropic support can prevent deterioration of organ 
perfusion after cardiogenic shock except for kidney. 


(Ann Thorac Surg 1990;50:374-83) 


able to restore organ flow distribution is not clear. Organ 
flow distribution is very difficult to study in humans. 
Therefore, we developed a model of cardiogenic shock in 
experimental animals that is very close to the clinical 
condition. We evaluated cardiac function, coronary circu- 
lation, and blood flow distribution in all organs during 
shock and after LVAD support. 


Material and Methods 


Models and Surgical Procedure 


This study was performed in 29 mongrel dogs of either 
sex and unknown age, weighing 25 to 31 kg. Anesthesia 
was performed with 0.1 mL/kg Hypnorm (fluanizon, 10 
mg; fentanyl, 0.2 mg/mL) intramuscularly and intrave- 
nous injection of 0.25 mg/kg sodium pentobarbital (Nem- 
butal) and 0.1 mg/kg pancuronium bromidum (Pavulon). 
The dogs were intubated and ventilated with 60% oxygen 
+ 40% air (Mark-7 BIRD). After anesthesia, a median 
sternotomy was performed, and the heart was suspended 
in a pericardial cradle. A pulmonary artery thermodilu- 
tion catheter (9F, American Edwards Laboratory) was 
introduced into the pulmonary artery through the outflow 
tract of the right ventricular wall. A small catheter (2.5F, 
Edslab injectate catheter) was placed into the right atrial 
appendage for injection of cold Ringer's solution. Another 
catheter {8F) was introduced into the ascending aorta 
through the right axillar artery for meastirement of aortic 
pressure (fluid-filled system). A Millar-type tip manome- 
ter (Gaeltec-Dimed) was introduced into the left ventricle 
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through the apex. A small polyvinyl chloride catheter was 
placed into the left atrium for the injection of tracer 
microspheres. Both femoral arteries were dissected free 
for the arterial inflow (12 USCI aortic cannula) of the 


` cardiopulmonary bypass (CPB) (according to the proto- 


col). Through the right femoral vein, a polyvinyl chloride 
catheter (6F) was introduced into the inferior vena cava 
for the infusion of volume and drugs. According to the 
protocol, a single venous drainage cannula (36F, Sarns) 
was introduced into the right atrium for installation of 
CPB. 


MODEL OF CARDIOGENIC SHOCK. After heparinization (200 
U/kg Heparin Nova), cardiogenic shock was produced by 
intermittent occlusion of the left coronary artery at 37°C 
while the animal was placed on CPB. The CPB system was 
primed with 800 mL of Ringer’s lactate (Normosol-R), 20 
mL of sodium bicarbonate, 10 mL of 20% mannitol, and 


‘500 U of heparin. During CPB, mean arterial pressure was 


kept at about 50 mm Hg and minimum perfusion flow 
was maintained at 80 mL - kg~* - min~". The left anterior 
descending branch (LAD) and left circumflex branch 
(LCX) were occluded for 20 minutes, followed by reper- 
fusion for 5 minutes. The ischemic period of 20 minutes 
was repeated twice. After ischemia, the dogs were 
weaned from CPB and hemodynamics were measured. 
Additional ischemic periods were then induced (10 min- 
utes each) during intermittent periods of CPB until the 
desired low cardiac output (CO) level was reached. In the 
dog, the left coronary artery supplies the entire left 
ventricle, so that right ventricular function remains intact. 
This is important because only under this condition will 
oxygenation be maintained in the presence of an assisted 
left circulation. The total duration of left ventricular isch- 
emia was chosen so that a significant reduction in CO was 
obtained after discontinuation of CPB. A reduction of 50% 
from control CO was considered cardiogenic, shock. 


LEFT VENTRICULAR ASSIST SYSTEM. A large, flexible cannula 
(36F, Sarns) was introduced in the left atrium through the 
left appendage and exteriorized through the chest wall 
and connected to a Bio-Medicus magnet-driven pump 
system. Such a system has important advantages over a 
roller-pump system in terms of avoiding hemolysis dur- 
ing long-term perfusion [5]. The circuit was primed with 
Ringer's lactate. 


HEMODYNAMIC MEASUREMENTS. The hemodynamic mea- 
surements were continuously monitored during control 
conditions, during cardiogenic shock, and during and 
after LVAD support. Electrocardiogram (ECG) was re- 
corded on a Hewlett-Packard multichannel device. Heart 
rate (HR) was calculated from the monitored ECG. Aorta 
and pulmonary artery pressure were measured with 
PDCR-75 transducers (Druk Limited). Left ventricular 
pressure (LVP) and its first derivative (LVdP/dt) were 


measured using a catheter-tip micromanometer. These, 


pressures were recorded continuously. Cardiac output 
was measured at regular time intervals using the ther- 
modilution technique by connection to a Hewlett-Packard 
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15055 CO computer. Stroke volume (SV), left ventricular 
stroke work index (LVSWI), left cardiac work (LCW), 
right cardiac work (RCW), systemic vascular resistance 
(SVR), and pulmonary vascular resistance (PVR) were 
calculated by the following equations: SV (mL/beat) = 
CO/HR; LCW = CO x (mAoP — LVEDP) x 0.0136; RCW 
= CO x (mPAP — CVP) x 0.0136; LVSWI (g - m/kg) = 
SV/BW x (mAoP — LVEDP) X 0.0136; SVR = (mAoP — 
CVP)/CO; PVR = (mPAP — LVEDP)/CO; where BW = 
body weight, mAoP = mean aortic pressure, mPAP = 
mean pulmonary artery pressure, LVEDP = left ventric- 
ular end-diastolic pressure, and CVP = central venous 
pressure. 


ORGAN BLOOD DISTRIBUTION. Organ flow distribution was 
measured using tracer microspheres. Four differently la- 
beled types of microspheres (15 um diameter! were used 
(41Ce, Nb, }Ru, and 14°5n). Absolute flow values were 
obtained by calibration with the “artificial organ tech- 
nique” [6]. The tracer microspheres were injected into'the 
left atrium. After termination of the experiment, the 
organs of interest were removed and representative sam- 
ples were taken, weighed, and coded. These organs were 
brain (left and right hemisphere, cerebellum); heart (left 
and right ventricle); liver; kidneys; intestine (duodenum); 
pancreas; muscle (temporal muscle); and skin (abdomen). 
The organ samples were transferred to plastic vials, and 
radioactivity was counted with a Nuclear Data gamma 
counter and an automatic sample changer. 


Biochemical Analysis 


Blood samples were drawn from the right atrium at 
regular intervals for determination of the level of plasma 
hemoglobin, creatinine, and electrolytes. Blood gas sam- 
ples were taken from the arterial catheter and right atrium 
catheter, and these were analyzed for pH, oxygen ten- 
sion, CO, carbon dioxide tension, base excess, and 
hemoglobin with ABL-2 acid-base laboratory blood gas 
analyzer (Radiometer). Alveolar-arterial O, difference (A- 
aDO,) and pulmonary shunt (Qs/Qt) were calculated by 
the following equations: A — aDO, = PAo, — PaQ,; 
Qs/Qt = [0.0031 x p(A — aDO,)}/[0.0031 x p(A — aDO,) 
+ c(a — vDO,)], where PAo, = alveolar partial pressure of 
oxygen, PaO, = arterial partial pressure of oxygen, and 
a — vDO, = arterial venous oxygen difference. Urine 
output was collected during the experiment. 


Experimental Protocol 
The animals were divided into five groups. 


GROUP 1 (N = 6): NORMAL DOGS, 1 HOUR OF LEFT VENTRIC- 
ULAR ASSIST DEVICE. In group 1, the effect of 1 hour of ° 
LVAD on general hemodynamics and organ flow distri- 
bution was studied. In a condition not preceded by 
cardiogenic shock, tracer microspheres were injected be- 
fore and at the end of 1 hour of LVAD use. 


GROUP 2 (N = 5): CARDIOGENIC SHOCK, NO SUPPORT. In 
group 2, the effect of cardiogenic shock on general hemo- 
dynamics and organ flow distribution was studied. Out- 
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Table 1. Influence of Left Ventricular Assist Device on Hemodynamics in Normal Dogs* 

Minutes After LVAD 

Variable Control l 30 60 l 60 
HR (beats/min)? 119 + 32 146 + 33 145 + 37 "164 + 42 
mAoP (mm Hg) 79.1 + 17.0 77.8 + 10.2 75.8 + 11.4 66.5 + 12.9 
CO (L/min)? 2.8 + 0.8 3.3 + 0.8 3.2 + 0.8 3.0 + 0.8 
SV (mL/beat)* 24.2 £7.1 16.5 + 8.6 16.3 + 8.2 19.4 + 9.2 
mPAP (mm Hg} 15.3 + 3.8 16.0 + 5.3 17.1 + 3.3 18.8 + 2.1 
LVEDP (mm Hg) 6.4 +17 6.4 + 1.7 7.2 + 1.8 7.2 + 3.0 
CVP (cm H,0) 44417 6.2 + 3.9 5.8 + 3.6 7.0 + 4.0 
LVSWI (m - g/kg)? 1.00 + 0.41 0.67 + 0.42 0.65 + 0.41 0.67 + 0.41 
LVdP/dtnax (mm Hg/s) 2,492 + 517 2,068 + 791 2,282 + 1,114 2,498 + 1,145 
LVdP/dtmin (mm Hgs) 1,709 + 579 1,664 + 342 1,805 + 475 1,528 + 519 
LCW (m - g) 2.72 + 0.76 2.17 + 0.81 2.06 + 0.81 2.46 + 1.01 
RCW (m. g) 0.43 + 0.09 0.52 + 0.27 0.55 + 0.19 0.56 + 0.24 


a Data are shown as mean + standard deviation. P p < 0.05 and € p < 0.01, signifiant influence of LVAD (repeated measures analysis of variance). 


CO = cardiac output; CVP = central venous pressure; HR = heart rate; LVAD, left ventricular assist device; ` LCW = left cardiac 
work; LVdP/dtmax: LVdP/dtmin = maximal or minimal rate of change of left ventricular pressure; LVEDP = left ventricular end-diastolic 
pressure; mAoP = mean aortic pressure; © mPAP = mean pulmonary artery pressure; RCW = right cardiac work; SV = stroke volume. 


come in terms of survival for 2 hours after induction of 
cardiac failure was used to assess the severity of the 
model. Tracer microspheres were injected before and after 
induction of cardiac failure. 

GROUP 3 (N = 6): CARDIOGENIC SHOCK WITH Paea 
POSITIVE INOTROPIC SUPPORT (20 ug: kg™!: min”! 
DOPAMINE). After induction of cardiac failure, an infusion 
of dopamine was started, hemodynamics were measured, 
and organ flow distribution was studied early (at 5 min- 
utes) and late (1 hour) during positive inotropic support. 


GROUP 4 (N = 6): CARDIOGENIC SHOCK WITH LEFT VENTRIC- 
ULAR ASSIST DEVICE SUPPORT. Immediately after induction 
of cardiac failure, the LVAD was started and continued 
for 1 hour. To reach a successful degree of left ventricular 
assist, the following criteria were used: Bio-Medicus 
pump flow rate of 50% of the preshock CO and a left 
ventricular filling pressure of at least 5 to 10 mm Hg. 
Organ flow distribution was assessed under control cón- 
ditions, at the end of LVAD use, and 1 hour after the 
LVAD was stopped. No positive inotropic support was 
added during the LVAD support. 


GROUP 5 (N = 6): CARDIOGENIC SHOCK, LEFT VENTRICULAR 
ASSIST DEVICE SUPPORT COMBINED WITH LOW-DOSE POSITIVE 
INOTROPIC SUPPORT. The same protocol was followed as 
for animals of group 4, but an infusion of 5 ug - kg~? 

min”! of dopamine was started together with the LVAD 
procedure and continued during the post-LVAD period. 
The same measurements were performed as in group 4. 


Statistical Analysis 
The results obtained were expressed as mean values + 
standard deviation (Tables 1-7) or + standard error of the 
mean (Figs 1-5). . 

Repeated measures analysis of variance was used for 


evalua-ing changes over time when there were adequate 
numbers of serial measurements in each subject (group 1: 
Table <). If data characteristics precluded repeated meä- 
sures analysis, t tests were used to compare the between- 
group values of the difference between the individual 
time points and baseline values. Therefore, all preshock 
baseline values (hemodynamic data: Figs 1 and 2) were 
pooled and compared with group values at individual 
time points. A p value less than 0.05 was considered 
significant. Differences in mortalities between the groups 
were tested using the x? test. 


Resul-s 


Effects of Left Ventricular Assist Device on 
Hemozynamics and Organ Blood Flow in Normal 
Hearts (Group 1) l 


Generel hemodynamics were measured before, during, 
and after 60 minutes of LVAD use. The results are shown 
in Täbie 1. During LVAD use, at a flow rate of 1 L/min, 
CO increased significantly (approximately 14%); left ven- 
tricular contractility (dP/dt,,,,) and LVSWI decreased sig- 
nificantly. Aortic pressure and pulmonary artery pressure 
remaired unchanged. Left ventricular end-diastolic pres- 
sure and CVP were maintained in the same range by 
intravenous infusion of fluid. Left cardiac work decreased 
by 20%, and RCW increased by 10%. 

Orgen blood flow distribution was measured before 
and at 60 minutes of LVAD support. The results are 
shown in Table 2. The increase in total CO did not result 
in a homogeneous increase in flow to all organs. In some 
organs, perfusion decreased slightly but not significantly 
(p > 0.35) (muscle and pancreas flow). In others, the mean 
flow ircreased, although moderately and not statistically 
significantly (p > 0.05) (duodenum, liver, and kidney). 
Brain, left and right ventricular myocardium, and skin, 


we 


a 
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Fig 1. Influence of left ventricular assist device (LVAD) and/or posi- 
tive inotropic support on hemodynamics after cardiogenic shock. 
Groups 4 and 5 were supported for 60 minutes by LVAD. Values are 
shown as mean + standard error of the mean. (C = control; CO = 
cardiac output; LVEDP = lejt ventricular end-diastolic pressure; 
mAoP = mean aortic pressure; S = cardiogenic shock; * p < 0.05, 
** p < 0.01, and *** p < 0.001 versus baseline.) 


however, showed significant increase in flow during 
LVAD support. The increase ranged between 1.7 times 
control in skin to 3.6 times control in the right ventricle. 


Effects of Cardiogenic Shock on Hemodynamics and 
Organ Blood Flow (Group 2) 


In 5 dogs cardiogenic shock was produced by intermittent 
occlusion of the LAD and the LCX during CPB. The 
average ischemic time was 48.0 + 7.6 minutes (Table 3). 
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Fig 2. Influence of left ventricular assist device (LVAD) and/or posi- 
tive inotropic support on hemodynamics after cardiogenic shock. 
Groups 4 and 5 were supported for 60 minutes by LVAD. Values are 
shown as mean + standard error of the mean. (C = control; LV dP/dt 
= first derivative of left ventricular pressure; LVSWI = left ventricu- 
lar stroke work index; S = cardiogenic shock; * p < 0.05, * p < 
0.01, and *** p < 0.001 versus baseline.) 


Table 2. Influence of Left /entricular Assist Device on Organ 
Flow Distribution in Normal Dogs* 


LVAD (60 
Organ Control min) 
Brain 25.2 + 8.6 61.3 + 21.3° 
Cerebellum 23.9 + 6.5 52.3 + 17.1> 
Duodenum 62.6 + 13.7 71.5 + 45.7 
Pancreas 31.4 + 4.9 29.3 + 24.3 
Liver 12.2 + 7.5 31.6 + 23.2 
Muscle 5.3 + 6.5 4.6 +18 
Skin . 3.1 4 2.2 5.4 + 2.4? 
Right ventricle 51.1 + 21.5 151.9 + 56.2° 
Left ventricle 80.5 + 40.5 167.3 + 56.6° 
Endocardial/epicardial ratio 1.24 + 0.19 1.03 + 0.51 
Kidney 264.5 + 81.0 312.1 + 188.6 


* Organ blood flow data are expressed in milliliters per minute per 100 g. 
Values are shown as mean + standard deviation. °p<0.05and‘p< 
0.01 versus control (paired Student's £ test). 


LVAD = left ventricular assist device. 
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Table 3. Clinical Outcome 





Ischemia Mortality 180 min 
Time After Cardiogenic 
Group (min) Shock (%) 
2 (nonsupport) 48 +8 100 
3 (inotropic support) 51 + 14 83 
4 (LVAD) 48 + 16 33° 
5 (LVAD + inotropic support) 52 + 11 orb 





ê p < 0.01 versus group 2 by y*. > p < 0.05 versus group 3 by x?. 


LVAD = left ventricular assist device. 


After the animals were weaned from CPB, hemodynamics 
deteriorated significantly. None of the animals received 
any inotropic or mechanical support. Five minutes after 
the dogs were weaned from CPB, all hemodynamics were 
changed. The results are shown in Takle 4. Cardiac output 
decreased to 54% of the preischemic value (p < 0.05) and 
HR decreased to 82% of the preischemic value (p < 0.05). 
All animals died within 60 minutes (range, 5 to 60 min- 
utes) after being weaned from CPB (see Table 3). 

Organ blood flow distribution was measured at 5 min- 
utes after termination of CPB. In 2 animals, ventricular 
fibrillation developed shortly before the tracer micro- 
sphere could be injected so that blood flow measurements 
were obtained in only 3 animals. The results are shown in 
Table 5. Flow decreased dramatically in most organs. 
Brain flow decreased to 29%, kidney flow decreased to 
26%, and intestinal flow decreased to 18% of.control (p < 
0.05). Pancreas and muscle flow charged inconsistently. 


Effects of Positive Inotropic Support on Hemodynamics 
and Organ Blood Flow Distribution During Cardiogenic 
Shock (Group 3) ` 


In six dogs, cardiogenic shock was induced as in group 2. 
Ischemic time was about the same as in the, previous 
group (50 + 14 min) (see Table 3). Five minutes after 
termination of CPB but before the start of dopamine 
infusion, hemodynamic variables did not differ signifi- 
cantly from those in group 2. Mean aortic pressure, CO, 
LVdP/dt max and LVdP/dtmin: SV, and LVSWI were signif- 
icantly decreased (p < 0.05 or less) as compared with the 
preischemic condition; LVEDP and CVP were signifi- 
cantly increased (p < 0.05). 


Table 4. Influence of Cardiogenic Shock on Hemodynamics 10 
Minutes After Weaning from Cardiopulmonary Bypass 








Variable Control Cardiogenic Shock 
HR (beats/min) 143 + 24 115 + 12> 
mAoP (mm Hg) 95.5 + 31.7 42.0 + 19.7° 
CO (L/min) 2.10.1 1.2 + 0.3? 

SV (mL/beat) 15.4 + 3.4 10.7 + 4.0° 

3 Values are shown aS mean + standard deviation. bp < 0.05 


and ‘p< 0.01 versus control (paired Student's ¢ test). 


Abbreviations are as in Table 1. 
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Table 5. Influence of Cardiogenic Shock on Organ Blood Flow 
Distribution" 





Cardiogenic 
Orgar Control Shock 
Brain 23.1 + 0.3 6.7 + 9.4° 
Cerebellum 19.3 + 0.9 6.0 + 9.4? 
Duodenum 43.9 + 11.5 8.1 + 2.9 
Pancreas 18.8 + 4.8 29.6 + 11.8 
Liver 7.7 +48 4.0 2.9 
Muscle 2.7 + 0.6 4.8 + 2.7 
Skin 1.0 + 0.2 0.3 + 0.4 
Right ventricle 47.6 + 40.3 18.6 + 10.6 
Left ventricle 66.4 + 58.4 26.3 + 11.1 
Endocardial/epicardial ratio 1.21 + 0.19 0.41 + 0.20° 
Kidney 202.3 + 25.7 52.8 + 28.3° 





* Organ blood flow data are expressed in milliliters per minute per 100 g. 
Values are shown as mean + standard deviation. > p < 0.05 versus 
contro. (paired Student's t test). 


Five minutes after the start of the dopamine infusion, 
(20 ug: kg~!- min™') all hemodynamic variables re- 
mained unchanged (p > 0.05) as compared with the shock 
state. In group 3, the first 2 animals died at 30 minutes 
after cessation of CPB. At that time mAoP, CO, LVdP/ 
dtmin SV, and LVSWI remained significantly lower (p < 
0.05) than the control values in the surviving 4 animals; 
LVEDP and CVP remained elevated (p < 0.05). After 60 
minutes, another animal died, and after 90 minutes 2 
more animals died. Hemodynamic data of the surviving 
animals at the different observation periods are shown in 
Figures 1 and 2. 

During dopamine infusion, organ blood flow was mea- 
sured at 5 minutes in all dogs and at 60 minutes in the 3 
surviving animals. Brain flow and myocardial flow (left 
and right ventricle) remained unchanged during this 
pericd (Fig 3). Perfusion of the kidney, however, de- 
creased to 33% of control at 5 minutes and to 40% of 
control at 60 minutes (p < 0.05). Flow to the intestine, 
pancreas, and muscle also decreased significantly as com- 
pared with the control situation (p < 0.05). Flow to the 
liver and skin remained unchanged. 


Effects of Left Ventricular Assist Device Support on 
Recovery of Hemodynamics and Organ Blood Flow 
Distribution After Cardiogenic Shock (Group 4) 
In 6 dogs, cardiogenic shock was produced as described. 
The average ischemic time was 48 + 16 minutes (see Table 
3). Cardiogenic shock induced effects on hemodynamics 
comparable with those in groups 2 and 3 in terms of 
changes in CO, mAoP, LVdP/dt,,,, and LVdP/dtmin 
LVEDP, CVP, and LVSWI (p > 0.05). Heart rate, how- 
ever, was higher and SV was lower in group 4 than in 
group 2 during the shock state (p < 0.05). The results of 
group 4 are summarized in Figures 1 and 2. 

Five minutes after induction of cardiogenic shock, the 
animals were placed on the LVAD for 1 hour. During this 
period, mAoP, CO, LVdP/dt and LVdP/dt,;, iN- 
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Fig 3. Influence of positive inotropic support on organ blood flow 
(milliliters per minute per 100 g) distribution after cardiogenic shock 
(group 3). Values are shown as mean + standard error of the mean. 
(* p < 0.05 and ** p < 0.01 versus control [paired Student's t test].) 


creased significantly (p < 0.05). Left ventricular end- 
diastolic pressure decreased significantly (p < 0.05). 

After 1 hour of support, the LVAD was stopped and 
hemodynamics were followed for the next 120 minutes. 
Within 60 minutes after termination of LVAD 1 animal 
had irreversible cardiac failure and died (see Table 3). 
Ninety minutes after termination of LVAD, another ani- 
mal died. Four of the 6 animals completed the protocol. 
During the first 30 minutes, mAoP, CO, and LVdP/dt,,,, 
remained significantly higher than the corresponding 
values during the shock state (p < 0.05). Left ventricular 
end-diastolic pressure increased, however, as compared 
with the LVAD phase and was not significantly different 
from that during the shock state. 

Organ blood flow distribution in group 4 was measured 
under control conditions, at 5 and 60 minutes of LVAD 
support, and at 1 hour after weaning from LVAD. One 
hour after termination of LVAD support, 5 of 6 animals 
were still alive, so that organ flow distribution could be 
measured at this interval. Because only 4 of 6 animals 
were alive 2 hours after termination of LVAD support, no 
further flow measurements were calculated. 

During the 1 hour of LVAD support, brain, cerebellum, 
duodenum, pancreas, muscle, skin, and myocardial flow 
were not significantly changed as compared with the 
control state (p > 0.05) (see Fig 4). 





SUKEHIRO AND FLAMENG 379 
ORGAN BLOOD FLOW DURING LVAD 







100 O Control 
EJ LvADs' 

a0 [3 LVAD 60° 
after LVAD 60° 


Ventricle(L) Kidney Duodenum Pancreas 






VAS VS SNA SS 





Brain Liver Muscle Skin 
B D 


Fig 4. Influence of left ventricular assist device (LVAD) on organ 
blood flow (milliliters per minute per 100 g) distribution after cardio- 
genic shock (group 4). Values are mean + standard error of the mean. 
(* p < 0.05 and ** p < 0.01 versus control [paired Student's t test].) 


Hepatic flow also increased during LVAD support in 
group 4, but kidney flow remained decreased (see Fig 4; 
Table 6). The surviving 5 dogs had exactly the same flow 
distribution 1 hour after weaning from LVAD as during 


Table 6. Changes in Organ Blood Flow 


Group 5, 
Group 2, Group 4, Shock + LVAD 
Cardiogenic Shock + LVAD + Dopamine After 
Organ Shock After LVAD LVAD 
Brain = = = 
Cerebellum - = = 
Duodenum 5 = = 
Pancreas = = = 
Liver = + + 
Muscle = = = 
Skin = = = 
RV = = + 
LV = = + 
Kidney = z - 


Symbols: blood flow increased (+); 
blood flow unaltered (=). 


blood flow decreased (~); 


LVAD = left ventricular assist device; LV = left ventricle; RV = 


right ventricle. 
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the LVAD phase (see Fig 4; Table 6). Most organ flows 
tended to decrease after LVAD use was stopped, how- 
ever. As shown in Figure 4, brain flow was never jeopar- 
dized during or after LVAD support, but duodenum and 
pancreas flow showed a strong, although not significant, 
tendency to decrease. 


Effects of Left Ventricular Assist Device Support 
Combined With Low-Dose Dopamine on Recovery of 
Hemodynamics and Organ Blood Flow Distribution 
After Cardiogenic Shock (Group 5) 

In 6 dogs, cardiogenic shock was produced as described. 
The average ischemic time was 52 + 11 minutes (see Table 
3). Cardiogenic shock induced effects on hemodynamics 
comparable with those induced in groups 2, 3 and 4, 
except for HR, which was significantly higher than in 
group 2 (p < 0.05). The results are summarized in Figures 
1 and 2. Five minutes after induction of cardiogenic shock, 
the animals were placed on LVAD support for 1 Hour; 
low-dose dopamine (5 ug- kg! - min?) was also 
added. During the LVAD phase, aortic pressure, CO, and 
LVdP/dt,,.. and LVdP/dt,,;, increased significantly (p < 
0.05) as compared with the shock state. Pulmonary artery 
pressure and LVEDP decreased significantly (p < 0.05) 
(see Figs 1, 2). At the end of the LVAD phase, none of the 
hemodynamic variables were significantly different from 
those during the control state (p > 0.05). After weaning 
from LVAD, none of the animals died (see Table 3). 
During the post-LVAD phase, hemodynamics remained 
relatively stable. Mean aortic pressure, CO, SV, and 
LVdP/dt,,in were slightly lower than during the control 
phase but not significantly different (p > 0.05); LVdP/ 
dt.nax Was slightly above the control level. Mean pulmo- 
nary artery pressure showed a tendency to increase, and 
LVEDP and CVP were significantly higher than during 
the control phase (p < 0.05) and LVSWI was significantly 
lower than during the control phase (p < 0.05). 

Organ blood flow distribution in group 5 was measured 
during control, at 5 and 60 minutes of LVAD plus dopa- 
mine support, and at 60 minutes after the dogs were 
weaned from LVAD. During LVAD plus dopamine sup- 
port, organ flow distribution was not significantly dif- 
ferent from the preischemic phase (p > 0.05) except for the 
hepatic flow, which was increased (p < 0.05). Flow to the 
brain and the cerebellum was slightly higher than in 
control, although not significant (p > 0.05). Flow to the 
duodenum, pancreas, and kidney was lower than during 
control but the differences were not statistically significant 
(p > 0.05). Myocardial flow increased significantly (p < 
0.05) in the early LVAD plus dopamine period. The 
results are summarized in Figure 5. 

After the dogs were weaned from LVAD but during the 
low-dose dopamine infusion, organ blood flow distribu- 
tion was approximately the same as during LVAD + 
dopamine. Brain flow remained in the normal range, but 
duodenum and pancreas flow decreased slightly more. 
The differences as compared with the control values 
remained not significant, however (p > 0.05). Myocardial 
flow increased further as compared with the control state 
(p < 0.05). Kidney flow, however, decreased to 53% of the 
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Fig 5. influence of left ventricular assist device (LVAD) plus low- 
dose positive inotropic support on organ blood flow (mL - min" - 100 
g`") distribution after cardiogenic shock (group 5). Values are mean 
+ standard error of the mean. (* p < 0.05 and ** p < 0.01 versus 
control [paired Student's t test].) 


preshock value (p < 0.05). The results of organ blood 
flows measured in all the experimental series are summa- 
rized in Table 6. 


Effects of Left Ventricular Assist Device on Respiratory 
Function Under the Open Chest Condition 


In 3 additional contro] dogs, respiratory function was 
followed for 2 hours under open chest conditions without 
LVAD (not given in the protocol). Next, in dogs placed on 
LVAD support under nonischemic conditions (group 1), 
respiratory function was determined during the 60 min- 
utes of LVAD support and 60 minutes after the dogs were 
weaned from the LVAD. 

In the experiments without LVAD, all variables re- 
mained unchanged. In group 1 (open chest with LVAD), 
PaO, decreased and A-aDO, increased significantly (p < _ 
0.05). Pulmonary shunt (Qs/Qt) also increased but was 
not statistically significant. Results are shown in Table 7. 


Comment 


Experimental Model of Cardiogenic Shock 


In an experimental approach to studying left ventricular 
assist systems, one of the most important factors is the 
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Table 7. Influence of Open Chest and Left Ventricular Assist 
Device on Respiratory Function 


Variable LVAD Control 60 min 
PaO, (mm Hg) Without 375 +211 416 + 191 
With 380 + 108 250 + 160° 
PaCO, (mm Hg) Without 20.1 + 3.1 18.6 + 5.1 
With 21.7 + 2.6 23.8 + 4.2 
A-aDO, (mmHg) Without 354 +212 313 + 195 
With 347 + 107 474 + 157° 
Qs/Qt (%) Without 12 +0.1 1.5 £0.2 
With 1.8 £+ 2:2 5.1 + 9.2 





= p < 0.05 versus control (paired Student's ł test). 


A-aDO, = alveolar-arterial O, difference; LVAD = left ventricular 
assist device; PaCO, = arterial partial pressure of CO2; PaO, = 
arterial partial pressure of oxygen; Qs/Qt = physiological pulmonary 
shunt ratio. 


choice of a good model to produce cardiac failure in a 
standardized way comparable with that of the clinical 
setting. Cross-clamping of the aorta [7], selective ligation 
of a coronary artery [8], or intracoronary injection of 
particles are commonly used to produce cardiac failure. 
These techniques, however, have considerable disadvan- 
tages. Cross-clamping of the aorta produces global biven- 
tricular failure and is therefore unsuitable for LVAD 
experiments [8]. 

Embolization of the myocardium with particles can 
certainly induce myocardial damage, but biochemical or 
functional recovery of the damaged myocardium does not 
occur during or after support because of the irreversible 
nature of such a coronary obstruction. The problem in 
selective ligation in dog coronary arteries is that many 
variations exist in the size of the perfusion area and in the 
degree of preexisting collateral flow; therefore, it is diffi- 
cult to produce comparable degrees of cardiac failure in 
different animals [9]. 

In our experimental setting, cardiac failure was pro- 
duced by intermittent occlusion of the left coronary arter- 
ies at 37°C while the dogs were placed on CPB. After a 
constant period of ischemia, the dogs were weaned from 
CPB and hemodynamics were measured. Additional pe- 
riods of ischemia were induced after resumption of CPB 
until postischemic CO deteriorated to 50% of its preisch- 
emic control value. In this way, we were able to create á 
selective and standardized left ventricular failure. 

The average time necessary to produce a satisfactory 
level of cardiogenic shock was 50 minutes. During this 
shock state, blood flow in all organs was decreased. When 
no pharmacological or mechanical support was offered 
during cardiogenic shock (group 2), all animals died 
within 60 minutes- after weaning from CPB. This shows 
the severity of the model. We believe that this shock 
model can be applied to study effects of LVAD in terms of 
preservation of organ blood flow distribution, recovery of 
cardiac function, and clinical outcome. 
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Effects of Left Ventricular Assist Device on 
Hemodynamics and Organ Blood Flow Under 
Nonischemic Conditions 


Rose and co-workers [10] studied the effect of the LVAD 
on the normal heart in dogs. During LVAD support, CO 
increased by 11% and mAoP and LVdPvdt,,,. were 
slightly decreased. Fukuda and colleagues [11] showed 
that LVdP/dt was decreased after a significant increase in 
flow of the LVAD system, but the decrease in contractility 
was not significant. In our experiments, total CO in- 
creased by 14% when the LVAD pumped 30% of the 
original CO. This small increment in total CO resulted 
from an imbalance between the LVAD pump rate and the 
additional filling of the circulatory bed because we tried to 
maintain LVEDP and CVP constant. Left cardiac work 
diminished by about 25%, which means a significant 
reduction in myocardial oxygen consumption. The small 
increase in total CO, however, resulted in a 10% increase 
in right cardiac work. After termination of LVAD, hemo- 
dynamics did not return to control conditions completely 
because we increased filling of the circulatory system. 
This was evidenced by the increase in CVP, LVEDP, PAP, 
CO, and RCW (although not significantly). The decreased 
LVSWI originated from a relative tachycardia as compared 
with the control state. This tachycardia might result from 
manipulation of the heart. 

During LVAD support, myocardial blood flow in- 
creased to two times control values for the left ventricle (p 
< 0.05). Intramyocardial flow distribution (endocardial/ 
epicardial flow ratio) changed from 1.24 to 1.03; this 
change, however, was not statistically significant. This 
change is due to a slight decrease in subendocardial flow, 
which is corisidered to be the effect of nonpulsatile flow 
produced by the centrifugal pump. Axelrod and co- 
workers [12] reported that venoarterial bypass in dogs 
decreased the endocardial/epicardial ratio blood flow from 
1.09 to 1.01 by nonpulsatile flow, and increased it from 
1.09 to 1.38 by pulsatile flow. 

Kidney blood flow may be strongly affected by a me- 
chanical circulation system [13]. During extracorporeal 
circulation, despite maintenance of perfusion flow and 
blood pressure, renal blood flow decreases and renal 
vascular resistance increases [13]. In our experiments, 
renal blood flow was slightly increased, although not 
significantly. This suggests that the LVAD at least does 
not impair kidney flow under normal conditions. 

Respiratory function, on the other hand, was clearly 
influenced by the LVAD: PaO, decreased and A-aDO, 
increased significantly. In a control series of experiments 
on open-chest, anesthesized animals without the LVAD, 


. we did not observe any significant changes in respiratory 


function, which shows that the open-chest condition itself 
does not induce these changes and that most probably 
they are related to the LVAD system. Indeed, mechanical 
circulatory assist causes bleeding around the bronchial 
arteries, tissue edema, atelectasis [14], and collapse of the 
pulmonary veins owing to drainage from the left atrium 
by the LVAD system [15]. 

We conclude that assisting the left ventricle in the 


382 SUKEHIRO AND FLAMENG 
ORGAN BLOOD FLOW DURING LVAD 


normal dog heart results in excessive flow when filling 
pressure is maintained. Respiratory function, however; 
appears to be very vulnerable in the presence of a LVAD 
system, and more investigations are necessary in this 
respect. 


Effects of Positive Inotropic Support After Acute 
Cardiogenic Shock 


Prolonged myocardial ischemia during cardiac operations 
decreases myocardial function in the postoperative phase. 
When this occurs, medical treatment is attempted to wean 
the patient from CPB. Detrimental effects of positive 
inotropic support have been reported, however [16], and 
this treatment has severe limitations when cardiac dys- 
function is severe [17]. 

In our experiments, maximal inotropic support as the 
only treatment after induction of cardiogenic shock 
(group 3: 20 wg - kg~?- min™* dopamine) resulted in a 
very high mortality at the end of the experiments. Fur- 
thermore, hemodynamic recovery in the surviving dogs 
was poor and the data did not differ from those of the 
shock state. Most organ blood flow values decreased 
during the dopamine support period. These results show 
that, in our model, positive inotropic support is insuffi- 
cient in the treatment of severe cardiac failure. 


Effects of the Left Ventricular Assist Device Itself and of 
the Left Ventricular Assist Device Combined With Low- 
Dose Inotropic Support After Cardiogenic Shock 


Many investigators have described the indications, tech- 
niques, and driving conditions for LVAD [18]. Some 
report that restricted drainage from the left atrium is a 
limitation for the effect on left ventricular decompression 
and high flow support [19]. The optimal flow rate of the 
LVAD, however, is still unknown. 

Namiki and associates [20] studied the influence of 
LVAD flow rate on coronary sinus and renal and carotid 
artery blood flow. They showed that the LVAD could 
improve hemodynamics after induction of cardiac failure, 
and that coronary sinus and renal and carotid artery blood 
flow remained unchanged provided the pump flow rate 
was more than 40%. Other investigators [21] reported that 
the LVAD flow also has a negative influence on the right 
ventricular furiction: maximurn LVAD flow caused right 
ventricular dysfunction. 

We believe that the combination of LVAD and low-dose 
inotropic support compensates for the disadvantage of 
left atrial drainage and makes the LVAD appropriate to 
restore cardiac function after cardiac failure. Whether 
driving a failing heart with inotropes can “exhaust” 


myocardial energy reserve and delay recovery is not | 


known, however. 

The true indication for use of the LVAD, however, is 
myocardial stunning, and this type of postischemic failure 
is not a problem of energy production but of energy 
utilization [17]. The stunned myocardium is stimulated by 
pharmacological interventions that.increase cytosolic cal- 
cium [22]; therefore, we use a low-dose of the inotrope 
dopamine. When the myocardium is truly stunned, it will 
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react to such a low dose and the exhaustive effect of high 
doses of cathecholamines can be avoided. 

During 60 minutes of LVAD support after cardiogenic 
shock, blood flow to the myocardium remains un- 
changed. Uretzky and co-workers [23] reported a change 
of the endocardial/epicardial blood flow ratio in the isch- 
emic myocardium after 3 hours of LAD occlusion: it 
decreased to 0.52 when the heart was supported by. CPB 
and tc 0.36 in the nonsupported group. In our experi- 
ments, this ratio decreased significantly from 1.21 to 0.41 
in the nonsupport group and remained unchanged in the 
groups supported by an LVAD system, which shows that 
LVAD support maintains coronary blood flew and in- 
tramyocardial blood flow distribution during cardiac fail- 
ure after ischemia. 

The most common cause of death in patients on LVAD 
support is multiple organ failure, despite maintenance of 
hemocynamic variables. Abnormal flow to kidneys and 
liver may be the reason for multiorgan failure, and it is - 
most unfortunate that LVAD support does not normalize 
these flows completely once they have deteriorated dur- 
ing severe shock conditions. 

Under conditions of postischemic cardiac failure, renal 
blood flow remained significantly lower than in control 
conditions (56% of control) when the heart was supported 
only by the LVAD system. When LVAD was combined 
with low-dose positive inotropic support, however, renal 
blood flow recovered to about normal values (83% of 
control, p > 0.05). The influence of mechanical circulation 
on renal function is problematic, and many aspects are 
still unknown. During extracorporeal circulation, possible 
restrictive factors that influence renal blood flow are 
constriction of the renal arteries, acidosis, the presence of 
pulsatile or nonpulsatile flow, and blood pressure. As 
shown in many studies, LVAD use or CPB resulted in a 
decrease in renal blood flow despite maintenance of 
perfusion and blood pressure. On the other hand, in 
experiments in which cardiogenic shock was not used 
renal blood flow increased when the animals were placed 
on LVAD, and in long-term experiments with total artifi- 
cial heart or LVAD systems renal function remained 
unchanged [24]. These experiments, however, were per- 
formed in normal animals. 

We consider cardiogenic shock one of the most impor- 
tant determinants of renal failure. Only LVAD support 
combined with low-dose inotropic support is effective in 
maintaining renal blood flow. Hepatic artery flow was 
significantly increased to more than five times control 
flows during LVAD support. Concomitantly, intestinal 
and pancreas blood flow, which reflect portal vein flow, 
decreased. In experiments with the total artificial heart or 
ventricular assist devices, high portal vein pressure and 
pathological changes in the tissue surrounding the he- 
patic artery were noted [25]. These changes suggest that 
the LVAD induces abnormal intrahepatic blood flow 
distribution between hepatic artery and portal vein [25]. 
Such changes are attributed to abnormal hemodynamics 
on the arterial side. We consider high hepatic artery flow 
to be one of the causes of liver failure during left ventric- 
ular support. We conclude that LVAD combined with 


ar 
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low-dose inotropic support is most effective in restoring 
myocardial function and organ blood flow after acute 
cardiogenic shock. 
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Artery and Gastroepiploic Artery 
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Pharmacological response of coronary artery bypass con- 
duit is of great importance. This study was designed to 
clarify the contractile properties of internal mammary 
artery and gastroepiploic artery obtained from coronary 
revascularization. The response to ergonovine, seroto- 
nin, and phenylephrine was examined by isometric 
contraction recording apparatus. The concentration- 
response relation of both internal mammary artery and 
gastroepiploic artery to ergonovine, serotonin, and phen- 
ylephrine showed similar sigmoid curves. There were no 
significant differences in developed tension between 


he superiority of the long-term results of internal 

mammary artery (IMA) grafting as compared with 
those of saphenotis vein (SV) grafting is now a matter of 
record [1, 2] and has led to dramatic expanded use of the 
IMA [3]. Gastroepiploic artery (GEA) grafting has also 
become popular because of its similarity to the IMA in 
terms of diameter, wall thickness, and freedom from 
atherosclerosis [4-6]. The pathophysiology of vascular 
tone regulation of these arterial conduits remains uncer- 
tain, however. This study was designed to clarify the 
contractile properties of the IMA and GEA in response to 
ergonovine, serotonin, and phenylephrine. 


Material and Methods 


Human IMA and GEA were obtainec during operation 
from 24 patients receiving coronary artery bypass grafting 
(CABG). None of them were receiving adrenergic, mus- 
carinic, or histaminic drugs during this study. The speci- 
mens were cleaned of surrounding tissues and cut into 
helical strips (width, 2 mm; length, 20 mm). Attention and 
care were given to maintaining and not disrupting the 
integrity of the endothelium. 

The strips were placed in 30-mL organ baths containing 
buffer solution of the following composition (millimoles 
per liter): NaCl, 118; KCl, 4.0; CaCl. 1.5; MgSO,; 1.2; 
NaH,PO,, 1.2; NaHCOs, 25; and glucose, 5; they were 
then equilibrated with 95% O, and 5% CO, at 37°C. The 
segment was attached to a force-displacement transducer. 
Approximately 1.5 g of resting tension was applied to 
each segment by adding 20 mmol/L KCl. Previous labora- 
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internal mammary artery and gastroepiploic artery at any 
concentration for any agent. There were no significant 
differences in the 50% effective dose value for any agent 
between internal mammary artery and gastroepiploic 
artery. Internal maminary artery and gastroepiploic ar- 
tery are reported to be similar in ternis of size, flow 
capacity, and freedom from atherosclerosis. This study 
shows their equivalence from a pharmacological view- 
point. ` 


(Ann Thorac Surg 1990;50:384-6) 


tory studies have determined that this is the optimum 
tension for obtaining a maximal contractile response to 
the agonists studied. Recordings were made on a multi- 
channel physiological recorder with light-sensitive paper. 
All drugs were added to the bath in a cumulative fashion; 
concentration-response relations were then generated. 
The following drugs were used: ergonovine maleate (er- 
gonovine), 5-hydroxytryptamine creatinine sulfate (sero- 
tonin). and /-phenylephrine hydrochloride (phenyleph- 
rine). 

Developed tensions were expressed as percentile con- 
traction of resting tension to minimize the individual 
variations. The 50% effective dose (ED) value was de- 
fined as the concentration of drug at which 50% of the 
maximum response was obtained. It was calculated by 
probit analysis to compare sensitivity. Results were ex- 
pressed as mean value + standard error of the mean, and 
t tests were performed for statistical analysis. 


Results 


The concentration-response relations for ergonovine are 
shown in Figure 1. The tecordings of both IMA and GEA 
showed similar sigmoid curves in response to ergonovine. 
There were no significant differences in percentile con- 
tracticn between IMA and GEA at any concentration. 
The concentration-response relations for serotonin are 
shown in Figure 2. The recordings of both IMA and GEA 
showed similar sigmoid curves in response to serotonin. 
Theré were no significant differences in percentile con- 
tracticn between IMA and GEA at any concentration. 
The concentration-response relations for phenyleph- 
rine are shown in Figure 3. The recordings of both IMA 
and GEA showed similar sigmoid curves in response to 
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Fig 1. Concentration-response relations for ergonovine. 


phenylephrine. There were no significant differences in 
percentile contraction between IMA and GEA at any 
concentration. 

Maximum contractions for ergonovine were 78% + 18% 
of IMA and 86% + 14% of GEA, those for serotonin were 
101% + 16% of IMA and 106% + 10% of GEA, and those 
for phenylephrine were 163% + 18% and 179% + 13%, 
respectively. 

The EDs, value for ergonovine, serotonin, and phenyl- 
ephrine is shown in Table 1. There were no significant 
differences between IMA and GEA for the three agents. 
The results suggest that the responses of both IMA and 
GEA to ergonovine, serotonin, and phenylephrine are 
entirely similar. 


Comment 


Spasm of large coronary arteries appears to play an 
important role in eliciting myocardial ischemia [7]. Re- 
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Fig 3. Concentration—response relations for phenylephrine. 


cently, spasm of the coronary bypass conduit was re- 
ported [8]. Sarabu and colleagues [9] reported IMA graft 
spasm. Mills and Everson [6] described GEA graft spasm. 
To clarify the contractile properties of these coronary 
artery bypass conduits is of great importance. 

Several pharmacological agents are used diagnostically 
to provoke native coronary artery spasm. Ergonovine is 
widely accepted as a specific and potent agent for this 
purpose [10]. Ergonovine has complex pharmacological 
properties with potential actions at serotonergic as well as 
a-adrenergic receptors [11]. Therefore, ergonovine, sero- 
tonin, and phenylephrine were used in this study. 

The variability of vascular contraction noted among 
different vessels in the same individual is noteworthy. 
Ginsburg and associates [12], in a study of quantitative 
aspects of human coronary artery contraction in isolated 
epicardial coronary ring segments, reported that human 
coronary artery reacted more highly to serotonin than to` 
phenylephrine and ergonovine. Our results showing that 
maximum contraction for phenylephrine of IMA and GEA 
were about two times higher than those for ergonovine 


Table 1. The 50% Effective Dose for Ergonovine, Serotonin, 
and Phenylephrine in Internal Mammary Artery and 
Gastroepiploic Artery 


Statistical 
Agent IMA (mol/L). GEA (mol/L) Analysis 
Ergonovine 5.1 £1.2 x 1078 1.2+05x1077 NS 
Serotonin 1.1 + 0.3 x 107? 2.0 + 0.4 x 1077 NS 


Phenylephrine 1.6 + 0.5 x 107° 2.2+04x107° NS 





GEA = gastroepiploic artery; 
= not significant. 


IMA = internal mammary artery; NS 


386 KOIKE ET AL 


PHARMACOLOGICAL RESPONSE OF IMA AND GEA 


and serotonin allow us to speculate that these arterial 
conduits are more susceptible to a-adrenergic stimulation 
than to ergonovine or serotonin administration. Kitamura 
and colleagues [13] examined the dynamic responses of 
coronary arteries and IMA to pharmacological interven- 
tion in 5 patients with vasospastic angina. Based on 
postoperative angiography, they reported that the IMA 
graft was unresponsive to ergonovine, at least in the 
amount required to produce coronary artery spasm. They 

also reported that the IMA graft appears to function well 
` in patients with vasospastic angina. Our results showing 
that pharmacological responses of IMA and GEA are 
similar suggest that GEA as well as IMA will be a conduit 
of choice for bypassing not only coronary arteries with 
fixed stenoses but also coronary arteries that develop 
spasm in variant angina. 

According to our clinical experience [14, 15], IMA and 
GEA are approximately the same size. Both arteries in situ 
are straight vessels with little tortuosity, and they have 
few branches. In addition, they are reported to be similar 
in terms of diameter, wall thickness, free flow and free- 
dom from atherosclerosis [4-6]. This study has shown 
that IMA and GEA are also equivalent from a pharmaco- 
logical viewpoint. 


We gratefully acknowledge Drs Ken-ichi Hirata, Kojiro Awano, 
and Mitsuhiro Yokoyama of the First Department of Internal 
Medicine, Kobe University, for assistance in an in vitro study. 
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Thirty-three patients admitted for coronary bypass graft- 
ing were randomized to cardiopulmonary bypass with a 
bubble oxygenator (Cobe or Polystan) or a membrane 
oxygenator (SciMed). Plasma concentrations of C3 acti- 
vation products and the terminal complement complex 
were measured using enzyme immunoassays. Both vari- 
ables increased almost linearly after onset of cardiopul- 
monary bypass, with maximal concentrations at closure 
of the sternum. From a baseline of 7.5 to 12.0 arbitrary 
units (AU)/mL (medians), the concentrations of C3 acti- 
vation products increased by 117.5 AU/mL (Cobe), 120.5 
AU/mL (Polystan), and 213.3 AU/mL (SciMed). The in- 
crease in the membrane group was significantly higher 


Get activation during cardiopulmonary by- 


pass (CPB) is correlated to postoperative cardiac, 
renal, and pulmonary dysfunction [1], abnormal bleeding 
[1], and increased requirement for mechanical ventilation 
[2]. Heparin-protamine complexes and factors related to 
the oxygenator appear to be main activators of comple- 
ment during CPB [3, 4]. Efforts have therefore been made 
to develop oxygenators with a low tendency to activate 
complement. Even so, the concentrations of various acti- 
vation products formed during CPB are substantial [5, 6]. 
Membrane oxygenators in general have been claimed to 
cause less complement activation than bubblers owing to 
reduced blood-air interface. We compared complement 
activation with use of one membrane and two bubble 
oxygenators in patients undergoing aortocoronary bypass 
grafting. 


Material and Methods 


Patients and Procedures 

Thirty-three patients, 29 men and 4 women, admitted for 
routine coronary bypass grafting were included after 
giving informed consent. Inclusion criteria were left ven- 
tricular ejection fraction greater than or equal to 0.40, 
absence of major noncardiac illness, normal liver func- 
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than in the two bubble oxygenator groups (p < 0.01). 
From a baseline of 0.9 to 1.3 AU/mL, the concentrations 
of terminal complement complex increased by 5.4 
AU/mL (Cobe), 6.6 AU/mL (Polystan), and 7.7 AU/mL 
(SciMed) (differences not significant). The higher C3 
activation caused by the membrane oxygenator may be 
explained by differences in flow profile and surface area 
in contact with blood. The study cannot confirm the 
general assumption that membrane oxygenators lead to 
lower complement activation than do bubble oxygen- 
ators. 


(Ann Thorac Surg 1990;50:387-91) 


tion, and no history of recent steroid use. The patients 
were randomly assigned to CPB with one of the following 
oxygenators: the hard-shell bubbler Cobe Optiflo II (Cobe 
Laboratories, Lakewood, CO) (n = 11), the collapsible 
bubbler Polystan VT-11500 (Polystan, Copenhagen, Den- 
mark) (n = 10), and the nonporous silicone-membrane 
SciMed I-3500 oxygenator (SciMed Life Systems, Minne- 
apolis, MI) (n = 12). A Swank HF-6000 arterial line filter 
(Pioneer Viggo, Beaverton, OR) and a Gambro roller 
pump (Gambro, Horten, Norway) were used for all oper- 
ations. The extracorporeal circuit was primed with a 
standard mixture of 500 mL dextran 70 (60 mg/mL in 
saline solution), 500 mL Ringer’s acetate, 500 mL glucose 
(50 mg/mL), 500 mL mannitol (150 mg/mL), and 200 mL 
sodium hydrogen carbonate (500 mmol/L). Anesthesia 
was maintained with thiopental sodium, diazepam, fen- 
tanyl, pancuronium, and nitrous oxide in a standard 
combination. Heparin was administered intravenously at 
a dose of 4 mg/kg body weight before onset of CPB. If 
necessary, additional heparin was administered to main- 
tain an activated clotting time longer than 48) seconds. 
No steroids were administered. Cold potassium car- 
dioplegia was used to arrest the heart, and all operations 
were performed with local cooling and moderate general 
hypothermia (30° to 32°C). Duration of operation, CPB, 
and aortic occlusion was recorded. Ethyleneciaminetet- 
raacetic acid—anticoagulated blood samples were obtained 
at induction of anesthesia (ie, baseline), at the start of 
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Table 1. Patient Characteristics and Variables Pertaining to Operation" 





Variable Cobe 

Age (y) 52 (47-68) 
Preoperative LV ejection fraction 0.51 (0.39-0.70) 
No. of grafts 3 (14) 
Operation time (min) 213 (173-310) 
CPB time (min) 98 (66-130) 
Aortic occlusion (min) 48 (24-69) 





Polystan SciMed. 
53 (44-66) 60 (45-65) 
0.66 (0.44-0.85) 0.64 (0.43-0.76) 
3 (14) 2 (2-3) 
194 (145-245) 185 (159-278) 
84 (54-117) 80 (68-152) 
41 (16-79) 40 (26-92) 





a Values are medians and 95% nonparametric confidence intervals. The differences between the groups were not statistically significant for any variable. 


CPB = cardiopulmonary bypass; LV = left ventricular. 


operation, immediately before and after 30 and 60 min- 
utes of CPB, during closure of the sternum, every 4 hours 
postoperatively for 24 hours, and every 6 hours for the 
next 24 hours. All samples were kept on ice for a short 
time until analysis or centrifugation. Plasma was stored at 
—70°C. 

The three groups were comparable with respect to 
patient characteristics and variables pertaining to the 
operation (Table 1). Three patients were excluded from 
postoperative follow-up because of reoperation or need 
for intraaortic balloon counterpulsation. The study was 
approved by the regional ethical committee on September 
16, 1987. 


Analysis of Samples 

C3 activation was measured in a double-antibody enzyme 
immunoassay [7] specific for a C3 neoepitope (ie, anti- 
genic determinant present in activation products, but not 
in the native component) expressed on C3b, iC3b, and 
C3c. The terminal complement complex (TCC) was quan- 
tified in a similar enzyme immunoassay [8] specific for a 
neoepitope expressed only in activated C9. In both as- 
says, zymosan-activated serum was used as a standard, 
defined as containing 1,000 arbitrary units (AU) per mil- 
liliter. , 

The number of white blood cells and the hemoglobin 
(Hb) concentrations in the samples were determined in an 
electronic counter (Coulter Electronics, Harkenden, En- 
gland). The percentage of neutrophil granulocytes was 
calculated from May-Griinwald/Giemsa-stained blood 
smears. 

The results were corrected for hemodilution during 
CPB by multiplication with the factor: initial Hb/sample 
Hb. The Friedman test [9] was used for statistical analyses 
of time-dependent variable changes within each group. 
The Kruskal-Wallis test [9] was applied for intergroup 
comparisons. Results are presented as median based on 
Waish numbers, with 95% nonparametric confidence in- 
tervals in parentheses. 


Results 


In all oxygenator groups, C3 activation products increased 
almost linearly after onset of CPB (Fig 1). Maximal con- 
centrations, approximately ten to 16 times baseline, were 
found at closure of the sternum. Baseline levels were 


reestablished within 12 to 16 hours postoperatively. The 
maximal increase in C3 activation products was 213.3 
(161.2 to 287.2) AU/mL in the SciMed group, which was 
significantly higher than in the Cobe group (117.5 [92.5 to 
145.2] AU/mL) and the Polystan group (120.5 [95.1 to 
151.8] AU/mL) (p < 0.01). 

The concentration of the TCC also increased almost 
linearly from onset of CPB (Fig 2). Peak levels at closure of 
the sternum were approximately six to nine times base- 
line. Preoperative concentrations were reestablished 12 to 
16 hours postoperatively. A second, moderate increase in 
TCC formation began approximately 36 hours postopera- 
tively. Maximal TCC increase was 5.4 (3.7 to 7.2) AU/mL 
in the Cobe group, 6.6 (5.1 to 8.3) AU/mL in the Polystan 
group, and 7.7 (5.2 to 11.1) AU/mL in the Sci-Med group. 
The differences were not significant (p = 0.26). 

There were no significant differences in neutrophil 
counts among the three groups. After a slight increase 
from baseline during the first part of the operation, the 
counts decreased significantly after onset of CPB (p < 
0.05) (Table 2). Thereafter, the neutrophil counts in- 
creased throughout the operation and remained elevated 
during the first 48 postoperative hours (p < 0.0001). 


Comment 


In the present study, the membrane oxygenator (SciMed) 
was a significantly more potent C3 activator than two 
bubble oxygenators (Cobe and Polystan). There were no 
differences in TCC formation or neutrophil counts. Dif- 
ferent polymer materials used in extracorporeal devices 
have a varying potential to activate complement [10]. Our 
findings are not explained by differences in blood contact 
materials [4]. 

Previous in vivo comparisons of bubble and membrane 
oxygenators have led to conflicting conclusions with re- 
speci to. complement activation. Cavarocchi and col- 
leagues [11] reported higher concentrations of C3a with a 
bubble oxygenator than with a membrane oxygenator. 
This is in agreement with the results of Tamiya and 
co-workers [5], which showed higher C4a, C3a, and C5a 
generation with a bubble than with a membrane oxygen- 
ator if bypass time exceeded 90 minutes. In several other 
studies, however, no differences were reported [12, 13]. 
One investigation provided indirect evidence of greater 
C5 activation with a membrane oxygenator [14]. Unequal 
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Fig 1. Concentration of C3 activation products (AU/mL) during coronary bypass operations with three different oxygenators and during the first 
48 postoperative hours (median and 95% confidence interval). Note change in scale on x-axis. Significant incredse from baseline sample at induc- 
tion of anesthesia: *p < 0.05, **p < 0.001. (cpb = time on cardiopulmonary bypass.) 


trial sizes; usé of varying makes of oxygenators; differ-  [5, 6]; and varying sensitivity of methods used for estima- 
ences in degree of hypothermia and hemodilution [2], tion of complement activation may explain the conflicting 
heparin dosage [2], and constitution of priming solutions conclusions in part. Direct comparison should therefore 
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Fig 2. Concentration of terminal complement complex (AU/mL) during coronary bypass operations with three different oxygenators and during 
the first 48 postoperative kours (median and 95% confidence interval). Note change in scale on x-axis. Significant increase from baseline sample at 
induction of anesthesia: *p < 0.05, **p < 0.001. (cpb = time on cardiopulmonary bypass.) 
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Table 2. Neutrophil Counts During and After Aortocoronary Bypass Operation" 


Time Cobe 

A: Baseline 4.0 (3.2-5.6) 
B: Immediately before CPB 5.2 (3.5-7.7) 
C: 30-min CPB 2.9 (1.8-4.2) 


11.0 (7.0-14.6) 
11.0 (7.2-15.3) 
10.5 (8.1~-12.3) 


D: Closure of sternum 
E: 24 h after operation 
F: 48 h after operation 


Polystan SciMed 
3.8 (2.9-4.9) 3.4 (2.7-4.4) 
4.9 (3.9-5.7) 4.3 (3.4-5.2) 
2.7 (1.8-4.0)_ 2.8 (1.9-3.7) 
9.2 (6.5-12.0) 11.2 (9.5-14.9) 


10.7 (9.4-11.9) 
11.9 (8.0-14.4) 


10.5 (8.9-14.4) 
11.7 (10.0-14.7) 


a Values are medians and 95% nonparametric confidence intervals. Statistical comparison within each group (Friedman test): A versus B, not significant; 


A versus D, E, F, p < 0.0001; B versus C, p < 0.05. 
CPB = cardiopulmonary bypass. 


be made with caution. Considering the significant differ- 
ences in C3a formation between nonporous and micro- 
porous membrane oxygenators reported by Clancy and 
co-workers [15], classification of oxygenators merely as 
bubblers or membrane oxygenators also appears to be 
inadequate. This view is supported by our previous in 
vitro findings [4]. , 

During earlier in vitro testing, there was no C3 activa- 
tion with the soft-shell bubble oxygenator (Polystan) and 
significant activation with the hard-shell bubble (Cobe) 
and the nonporous membrane (SciMed) oxygenators [4]. 
The relationship of maximal increase of C3 activation 
products between the Polystan, Cobe, and SciMed groups 
was 1:7,8:11 in vitro and 1:1:1.8 in vivo, which requires 
explanation. 

Vigorous bubbling of pure oxygen through heparinized 
blood leads to a time-dependent generation of C3a, C4a, 
and C5a [5], which is probably caused by aggregated 
denatured immunoglobulins [5, 12]. The in vitro study 
was performed without oxygenation of the blood or 
administration of protamine. Even in this setting, a small 
degree of protein denaturation may occur at the blood- 
polymer interface [16] or in areas with blood-air contact 
[17]. In areas of sudden velocity changes causing dis- 
turbed flow, the formed elements of blood collide with 
one another, which leads to injury of erythrocytes, leu- 
kocytes, and platelets [18]. Lipid cellular debris [19] and 
homogenized tissue [20] are both potent complement 
activators. Another possible source of complement activa- 
tion may therefore be substances released from damaged 
blood cells. 

The Polystan oxygenator is virtually a large collapsible 
reservoir. In the noncollapsible Cobe oxygenator, blood 
flows by gravity from the top to the outlet near the 
bottom. These differences in construction, creating vary- 
ing degrees of blood—air interface and velocity changes, 
may contribute to the unequal C3 activation in vitro. 
During in vivo use, however, C3 activation caused by 
oxygen bubbling and heparin-protamine interaction ap- 
pears to become relatively much more important, result- 
ing in equivalent formation of C3 activation products with 
the two bubble oxygenators. In the SciMed oxygenator, 
on the other hand, blood velocity at the inlet and outlet 
changes markedly. The membrane surface area is large, 
possibly permitting more extensive protein denaturation. 


In add:tion, activation of the alternative pathway caused 
by foreign surfaces is a function of area per milliliter of 
plasmz [10]. Together these factors may explain the sub- 
stantia: activation with the SciMed oxygenator both in 
vitro and in vivo. 

Corr plement activation resulting from a common stim- 
ulus varies greatly in the same amount of plasma from 
different donors [10]. The relative contribution from the 
oxygenator, heparin-protamine complexes, patient-related 
factors. and other sources to the total complement activation 
cannct be evaluated in the present study. Use of the tested 
membzane oxygenator led to a 1.8 times higher maximum 
concer.tration of C3 activation products than did use of the 
two bubblers, however, indicating that the specific oxygen- 
ator may indeed play an important role. 

We conclude that evaluation of complement activation 
induced by CPB oxygenators cannot be generalized to a 
question of bubble versus membrane oxygenation but 
instead necessitates testing of the individual oxygenator 
make under standardized conditions with sensitive com- 
plement activation product assays. 
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After early repair of congenital cardiovascular defects, 
such as coarctation of the aorta, late stenosis may become 
a problem. Use of absorbable sutures has been shown to 
be superior to use of nonabsorbable sutures in allowing 
growth of an anastomotic site along with the individual. 
Some concern has been raised, however, about the po- 
tential for aneurysm formation at the sité of anastomosis 
when absorbable sutures are used. This study was un- 
dertaken to observe the effects of longitudinal tension on 
anastomoses made with absorbable polydioxanone su- 
ture in growing animals. Six piglets (aged 3 to 4 weeks) 
underwent a 1-cm resection of the infrarenal aorta and 


any infants with congenital cardiac defects require 
surgical intervention. The excellent immediate re- 
sults observed in these operations have followed im- 
provements in cardiopulmonary bypass, surgical tech- 
niques, and postoperative management. Stenosis of the 
anastomotic site, however, may be a problem if it fails to 
grow in proportion to the patient. Use of absorbable 
sutures has been shown to be superior to use of nonab- 
sorbable polypropylene in allowing growth of aortic anas- 
tomoses [1-5]. Some investigators have shown that use of 
absorbable sutures for aortic anastomoses in growing 
animals over a 6-month period is associated with dilata- 
tion of the anastomotic site [1, 2]. 

This study was undertaken to observe the effects of 
tension on the growth of an aortic anastomosis made with 
absorbable polydioxanone suture (PDS). The shortened 
abdominal aorta in piglets was used as the experimental 
model to create longitudinal tension on a growing anas- 
tomotic site. Studies using PDS in anastomosis of the 
nonshortened aorta, performed in our laboratory several 
years ago, will be used for control comparison. 


Material and Methods 


Six weanling piglets, aged 3 to 4 weeks, were used for the l 


protocol, All piglets received humane care in compliance 
with the “Principles of Laboratory Animal Care” formu- 
lated by the National Society for Medical Research and the 
“Guide for the Care and Use of Laboratory Animals” 
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reanastomosis with polydioxanone suture. One animal 
died prematurely of respiratory illness. The 5 remaining 
animals were killed after 6 months. The excised aortas 
demonstrated no stenosis, no dilatation, and no burst- 
test failure to 250 mm Hg. Histological examination 
showed disrupted elastic laminae without thinnirig of 
aortic wall in all samples of aorta. We coriclude that 
polydioxanone suture is a suitable suture material for 
vascular anastomoses made under tension where growth 
of the anastomotic site is expected. 


(Ann Thorac Surg 1990;50:392-5) 


prepared by the National Academy of Sciences and pub- 
lished by the National Institutes of Health (NIH publica- 
tion No. 80-23, revised 1978). The young piglets, with a 
mean body weight of 9.2 + 0.58 kg (mean + standard 
error of the mean), were anesthetized with halothane. 
After endotracheal intubation, the left flank was prepared 
in sterile fashion and the abdominal aorta was exposed 
retroperitoneally. The aorta was dissected from surround- 
ing tissues from the level of the renal arteries to the aortic 
bifurcation. After anticoagulation with heparin (100 
U/kgi, a 1-cm section of aorta was removed approximately 
1.5 cm below the origin of the renal arteries. Continuity of 
the aorta was restored with an end-to-end anastomosis 
using 6-0 PDS (Ethicon, Somerville, NJ) in a continuous 
running technique. After closure of the incision, the 
animals were observed for 48 hours and then put out to 
pasture for 6 months. 

At the end of the study, the animals were weighed and 
killed with an intravenous solution (Sleep-Away, Fort 
Dodge Laboratories, Inc, Fort Dodge, IA). The abdominal 
aorta was carefully removed from each animal, and all 
branches were ligated. Each aorta was inflated with roent- 
genographic contrast solution to an intraluminal pressure 
of 1C0 mm Hg. The inflated aorta was studied radiograph- 
ically in simulated anteroposterior and lateral views. 
Measurements of the diameter of the aortic lumen were 
taken from the radiographs at the anastomotic site as well 
as at 1 cm proximal and 1 cm distal to it. 

Burst-testing of each aorta was performed at an intralu- 
minal pressure of 250 mm Hg. The aortas were opened 
longitudinally, and photographs were taken of the lumi- 
nal surfaces. 

Each aorta was fixed in 10% buffered formalin, and 
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Fig 1. Representative photographs of simulated anteroposterior (A) and lateral (B) view roentgenograms of explanted, contrast-inflated aorta. The 


arrows indicate the site of reanastomosis. 


representative sections were taken from the anastomotic 
site. The sections were examined by routine light micros- 
copy with hematoxylin and eosin and elastic van Gieson 
stains. All data were recorded as the mean + the standard 
error of the mean. 


Results 


At 6 months after operation, the body weight of the 
animals had increased to 88.1 + 1.72 kg. This was an 
857.6% increase from the mean weight at the time of 


operation. One animal died of pneumonia 25 days after 
operation and was excluded from the study. 

All anastomoses were patent, and no animal had radio- 
graphic evidence of stenosis or aneurysmal dilatation (Fig 
1). The degree of stenosis or dilatation was calculated 
from measurements of the roentgenograms of the inflated 
aortas (Table 1). The mean proximal diameter was 11,7 + 
0.39 mm, the mean distal diameter was 11.9 + 0.38 mm, 
and the mean anastomotic site diameter was 11.9 + 0.36 
mm. The percentage of difference in luminal diameter at 
the anastomotic site versus the average of the proximal 


Table 1. Calculation of Anastomotic Stenosis or Dilatation at Time of Death in Piglets* 





Diameter (mm) 








Pig Proximal Distal 

17 10.4 10.6 

18 11.3 11.9 

22 12.5 11.9 

23 12.4 12.9 

24 11.9 12.3 
Mean 





Diameter Area 

Difference Difference 

Anastomotic (%) (%) 

10.5 +0.00 —0.01 
12.0 +3.45 +6.94 
12.2 +0.00 ~0.06 
12.6 ~0.40 -0.83 
124 +0.00 -0.03 
+0.60 +1.20 











* Measurements taken from roentgenograms inflated with contrast solution at 100 mm Hg. A plus sign indicates a relative increase; a minus sign indicates 


a relative decrease in aortic diameter. 
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Fig 2. Luminal surface of a representative aorta. The arrow indicates 
the site of reanastomosis. 


and distal diameters was calculated. The mean anasto- 
motic diameter was 0.6% larger than the average diame- 
ter. The cross-sectional area at the anastomotic site was 
calculated to be 1.2% larger than the average of 1 cm 
proximal and 1 cm distal cross-sectional areas. 

None of the aortas failed burst-testing to 250 mm Hg. 
After incision, the intima appeared smooth and no suture 
material or thrombus was visible (Fig 2). The anastomotic 
site was indistinguishable on the serosal surface as well as 
on the luminal surface in all animals. 

Histological examination showed intimal thickening 
and fibrosis at the anastomoses (Fig 3). The thickness of 
the aortic wall at the point of anastomosis was estimated 
to be 80% to 90% of that of adjacent aorta. This reduction 
was no greater than 1 mm along the length of the aorta in 
any of the samples and involved only the immediate 
anastomotic region and not the adjacent aortic wall. 
Suture remnants were discovered in three of the samples 
with accompanying granulomatous foreign body reac- 


Fig 3. Site of aortic anastomosis shows exten- 
sive destruction of elastic fibers and replace- 
ment of the media by dense collagenous tissue. 
Intact elastic membranes are visible at each 
edge of the anastomotic site (long arrows) 
and fragments of residual coarse black-staining 
fibers (short arrows) are visible in the center 
(elastic van Gieson, X50 before 39% reduc- 
tion). 


Ann Thorac Surg 
1990;50:392-5 


tions. With van Gieson stain for elastic fibers, all samples 
showed disrupted elastic laminae. 


Comment 


The results obtained in this study were similar to those of 
work previously done in our laboratory with PDS anasto- 
moses in the abdominal aorta at 6 months (3, 5]. In the 
previous study, no stenosis or dilatation was noted. There 
were no burst-test failures, and gross and histological 
examinations demonstrated similar changes at 6 months. 

Use of nonabsorbable sutures in pediatric cardiovascu- 
lar operations, especially in children aged less than 1 year, 
may be a major factor in the development of anastomotic 
stenosis. Use of absorbable sutures for vascular opera- 
tions began with catgut and provided good results both 
experimentally [6] and clinically [7]. This was followed by 
good experimental results with multifilament synthetic 
absorbable sutures, such as polyglycolic acid (Dexon) [4] 
and polygalactin (Vicryl) [5]. These sutures tended to drag 
when passed through the vessel wall. Furthermore, con- 
cern about the introduction of bacteria within the braids of 
these sutures and premature loss of strength at a suture 
site precluded clinical use of these materials in cardiovas- 
cular procedures. 

Two newer monofilament absorbable sutures, polygly- 
conate (Maxon) and PDS, are free of interstices and 
demonstrate superior strength characteristics over time 
[8]. In addition, the monofilament varieties have good 
handling characteristics and less tissue drag than braided 
sutures. 

A comparison between polyglycolic acid suture and 
nonabsorbable polypropylene suture showed that the 
integrity of an anastomosis is dependent on healing rather 
than on the permanent strength of suture material [9]. 
Polydioxanone has been shown to maintain the integrity 
of a vascular anastomosis until sufficient healing has 
occurred. 

In growing pig models, PDS has been used in end-to- 
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end anastomoses of the abdominal aorta with no evidence 
of stenosis after 6 months [1, 3, 5, 10]. Two studies using 
PDS and Maxon have shown a 93% [1] and 80% [2] 
incidence, respectively, of dilatation at the anastomotic 
site after 6 months. In the study using PDS, a 2-mm ring 
was excised from the aortas of 10 pigs, in contrast to the 
10-mm ring excised in our study. Thus, these aortas had 
substantially less tension on the suture line than in our 
animals. Both experiments showed thinning of the aortic 
wall in the area of the anastomosis; our study did not. The 
difference between the results in these two studies and 
ours can be explained only on the basis of technique. 
Perhaps the suture bites were too small. 

Although our experiment showed a 0.6% increase in 
the anastomotic diameter versus the average of the prox- 
imal and distal diameters, the gross and histological 
findings did not show any thinning of the aortic wall at 
the anastomosis. Previous anastomoses, performed in our 
laboratory without aortic resection, failed to demonstrate 
any dilatation at the anastomosis. 

Certain vascular procedures, eg, end-to-end anastomo- 
sis for repair of coarctation of the aorta and arterial switch 
operation for transposition of the great arteries, require 
that an anastomosis be performed, often under some 
tension. 

Piglets were chosen as the experimental animal for this 
study because they have been shown to double and triple 
their aortic diameter between the ages of 6 weeks and 6 
months, which is similar to the increase in aortic diameter 
of humans from birth to maturity. In addition, the histo- 
logical characteristics of pig aorta are similar to those of 
human aorta [11, 12]. In our study, the anastomoses were 
subject to the demands of this rapid growth rate as well as 
to the forces generated by shortening the aorta. We found 
no evidence that PDS had failed to meet these demands. 
We conclude that PDS is a suitable suture material for 
vascular repairs under tension. In addition, PDS demon- 
strated excellent characteristics in maintaining these re- 
pairs while allowing growth of the vascular anastomosis. 
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Predictability of prosthesis-related and sudden cardiac- 
related complications was examined in 630 patients who 
were alive 30 days after valve replacement (1965 to 1986) 
for aortic stenosis. Follow-up totaled 4,072 patient-years. 
A variety of prosthetic valves, mainly mechanical, were 
used. The Cox regression model was used to identify 
independent risk factors and to estimate predicted event- 
freedoms relative to combinations of these risk factors. 
There were no risk factors for endocarditis (0.5 + 0.1 
[number of events per 100 patient-years + the standard 
error]). Except for “other” prosthesis-related complica- 
tions (0.4 + 0.1), adversely influenced by porcine bio- 
prostheses (n = 15) and by the Lillehei-Kaster prosthesis 
(n = 25), only factors underlying diseased preoperative 
patient/cardiac status had predictive influence. Predicted 
10-year event-freedoms for low-risk versus high-risk 


| Bes prosthesis-related complications are accepted as 
the ultimate measures of performance of aortic valve 
. prostheses. Traditionally, emphasis has been put on the 
prosthetic valve as the primary determinant for thromboem- 
bolic and other complications. More recently, however, it 
has been increasingly recognized that patient-related or 
cardiac-related variables can exercise a significant modifying 
influence [1-6]. In this connection, sudden unexpected 
late deaths, constituting a relatively large fraction of the 
deaths in some studies [3, 7], represent a problem. In the 
absence of a postmortem examination, the true cause of 
death can be impossible to determine. 

Using the proportional hazard regression model intro- 
duced by Cox [8], Lund [9] has recently been able to show 
that long-term survival after valve replacement for aortic 
stenosis (AS) during a 22-year period was unrelated to the 
prosthetic device. A prognostic index based on the pre- 
operative clinical and hemodynamic profile stratified the 
patients into risk groups with observed/predicted 15-year 
survivals ranging from 90%/86% to 4%/1%. The low-risk 
and high-risk index also significantly separated the pa- 
tients in regard to the rate of nonfatal sudden and 
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estimate were 86% versus 73% for thromboembolism (1.7 
+ 0.2), 95% versus 32% for anticoagulant-related hemor- 
rhage (2.4 + 0.2), 69% versus 36% for all prosthesis- 
related complications (5.0 + 0.4), 93% versus 0% for 
sudden cardiac-related events (myocardial infarction and 
arrhythmia) (1.8 + 0.2), and 66% versus 0.5% for com- 
bined prosthesis-related and sudden cardiac-related mor- 
bidity and mortality (6.8 + 0.4). In 193 patients with 
coronary arteriography, coronary artery disease was a 
significant risk factor for each of the complication mo- 
dalities examined except other prosthesis-related compli- 
cations, prosthesis replacement, and endocarditis. De- 
ciding to operate early in the course of aortic stenosis 
might “actively” reduce the'rate of these complications. 


(Ann Thorac Surg 1990;50:396-406) 


unexpected morbidity [9]. Early operative intervention 
resulted in a normal age-specific, sex-specific, and opera- 
tive-year—specific life expectancy [9]. 

The aim of the present study was to identify indepen- 
dent determinants of long-term prosthesis-related and 
sudden cardiac-related morbidity and mortality in the 
patients with AS already mentioned who had valve re- 
placement in a 22-year period. For each of the specific 
events, we wanted to estimate both the observed cumu- 
lative event-freedoms of the patients stratified according 
to the identified risk models and the predicted event- 
freedoms that can be estimated from the Cox model 
relative to the same risk strata [9]. i 

All patients were included in the present study, includ- 
ing those who received prosthetic valves that today are 
obsolete or bioprostheses that were used only sporadi- 
cally. The rationale for this is related to our wish to 
emphasize the patient and to include as long a follow-up 
as possible. 


Material and Methods 


A total of 690 patients had valve replacement for AS 
performed at our institution during the 22-year period 
January 1965 through December 1986. The 30-day mortal- 
ity was 20% (n = 20) for the first 100 consecutive patients, 
7.8% (n = 38) for the ensuing 490, and 2% (n = 2) for the 
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last 100 patients. This report deals with the 630 patients 
who were alive 30 days after operation. 

Preoperative heart catheterization was performed in 605 
patients, and 25 were evaluated (1985 and 1986) by 
Doppler echocardiography only. Peak-to-peak systolic 
aortic valve gradient or peak systolic Doppler gradient 
(used as an estimate of peak-to-peak gradient) exceeded 
50 mm Hg in 590 patients. Twenty-six patients with 
gradients of 35 to 49 mm Hg and 14 (without Doppler 
echocardiography) in whom catheter access to the left 
ventricle was not obtained had narrow calcific stenosis at 
operation and symptoms placing them in New York Heart 
Association functional class II or IV. For the purpose of 
the present risk analyses, the latter 14 patients had a 
gradient value of 95 mm Hg (mean value of the rest of the 
patients) arbitrarily assigned. 

Trivial aortic regurgitation (grade 1+ or 2+) at aortic 
root angiography [10] or at Doppler examination was 
observed in 80 patients. From 1975 onward, coronary 
angiography was performed in 193 patients (coronary 
angiography group) who had angina pectoris as a limiting 
symptom. Coronary artery disease (CAD), defined as a 
fixed luminal diameter reduction of 50% or more of a 
major coronary vessel or a first branch of a major vessel, 
was present in 76 patients (single- or double-vessel dis- 
ease in 50 and triple-vessel or left main disease in 26). 


Preoperative Variables 


The variables examined are listed in Appendix 1. Left 
ventricular failure was defined as pulmonary edema, 
pulmonary vascular stasis confirmed by auscultation and 
roentgenography within 1 year before operation, or both 
conditions. Right ventricular failure was defined as crural 
edema, a palpable liver, ascites, or a combination of these 
also within 1 year preoperatively. Antianginal or antiar- 
rhythmic drug treatment included nitrates, calciumi- 
channel blockers, B-blockers, quinidine, and disopyra- 
mide phosphate. Systemic hypertension was recorded if it 
had been medically treated, and previous myocardial 
infarction was noted when there was electrocardiographic 
(ECG) and serum enzyme (creatine kinase or lactate 
dehydrogenase) verification. Arrhythmia was recorded if 
the preoperative standard resting electrocardiogram did 
not show sinus rhythm, and ventricular ectopic beats 
were noted if they constituted at least 10% of the beats in 
the electrocardiogram. The ECG hypertrophy score was 
calculated according to Romhilt and Estes [11]. Kidney 
failure was defined as serum creatinine level exceeding 
110 pmol/L (1.24 mg/dL) in at least two successive blood 
samples. 


Operation 

Our standardized operative technique included total car- 
diopulmonary bypass with a bubble oxygenator, topical 
cooling, and (from 1977) topical and general hypothermia. 
Crystalloid cardioplegia with Bretschneider procaine hy- 
drochloride—containing solution No. II or MI [12] or histi- 
dine-tryptophane (HTP)-buffered solution [13] was used 
in all patients. Preinfusion (before infusion of the crystal- 
loid cardioplegic solution) of cold blood (1,000 mL at 4°C; 
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50% full blood and 50% Ringer’s chloride) was used until 
1983. Details of cardiopulmonary bypass, cardioplegia, 
and prosthesis implantation technique have been de- 
scribed elsewhere [3, 9, 14]. The surgical team and tech- 
nique remained largely unchanged throughout the pe- 
riod. The majority of the operations wére performed by 
one of us (O.K.A.). 

Operation-related variables and the prosthetic valves 
used are listed in Appendix 1. Carpentier-Eéwards (n = 
10) and Hancock (n = 5) valves constittited the porcine 
bioprostheses. Concomitant coronary artery bypass graft- 
ing using the saphenous vein was performed in 53 pa- 
tients, arid an ascending aortic prosthesis was implanted 
in 2 patients. No other associated surgical procedures 
were undertaken. 

Eight of the 15 patients who received a bioprosthesis 
were put on a lifelong regimen of low-dose acetylsalicylic 
acid. All other patients were prescribed lifelong Couma- 
din (crystalline warfarin sodium) treatment with the goal 
of maintaining Owren’s prothrombin-proconvertin index 
within the 10% to 20% range. Treatment was centralized 
at one hospital in each of the counties using our cardiac 
surgical service. The short geographical distances in Den- 
mark and the fact that the treatment was without financial 
cost to the patients permitted frequent control visits [4]. 


Follow-up 


All patients were seen annually at the cardiology outpa- 
tient clinic. A computerized register covering all hospital 
contacts in our catchment area as well as the national 
personal register (both including updated accounts of 
vital status, address of patient and of primary physician, 
ongoing or previous hospital admission, and place of 
death if applicable) were checked for additional informa- 
tion. Records from other hospitals weré procured and the 
primary physician was contacted when necessary. With 
the closing date for follow-up being December 1987, a 
total of 4,072 patient-years at risk (mean follow-up, 6.5 
years; range, 0.1 to 21.0 years with a minimum follow-up 
of 11 months for patients still alive) had been accumu- 
lated. A total of 176 patients had died; death certificates 
were available for all and autopsy reports for 91. No 
patient was unaccounted for. 


Prosthesis-Related and Sudden Cardiac-Related 
Morbidity and Mortality 
Our aim was to examine sudden events that were proba- 
bly directly related to the prosthetic valve or to the degree 
of preoperative damage to the heart and not to the 
operation, intraoperative myocardial anoxia, or related 
postoperative complications. Accordingly, we chose to 
include events that occurred after the first 30 postopera- 
tive days only. However, none of the patients experi- 
enced prosthesis-related events within the first 30 days. 
Our definitions of the events have been described 
previously [3-5] and follow recent guidelines given by 
The Society of Thoracic Surgeons [15]. Thromboembolism 
encompassed all systemic vascular events including tran- 
sitory cerebral ischemia unless proven to be of thrombotic 
(postmortem examination or carotid angiography) or 
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hemorrhagic origin. Anticoagulant-related hemorrhage 
included all bleeding episodes: gastrointestinal bleeding 
(eg, from peptic ulcers), macroscopic hematuria, cerebral 
hemorrhage, and nontraumatic subcutaneous ecchy- 
moses and epistaxis necessitating treatment. This defini- 
tion is more liberal than that of The Society of Thoracic 
Surgeons [15], as some of the bleeding episodes did not 
cause death, stroke, operation, or hospitalization or ne- 
cessitate transfusion. l 

Prosthetic valve endocarditis was considered present in 
the case of clinical sepsis with positive cultures or verifi- 
cation at prosthesis replacement or postmortem examina- 
tion. Intravascular hemolysis [6] was defined as anemia 
unrelated to bleeding and not reversible and controllable 
by iron, vitamin B, or folic acid substitution. Paravalvar 
leak was diagnosed at aortic root angiography, Doppler 
echocardiography, prosthesis replacement, or postmor- 
tem examination. Death due to acute regurgitation in 2 
patients whose prosthesis was detached for half the 
circumference of the annulus was included as paravalvar 
leak (microscopy and culture of material from the annulus 
and prosthesis did not reveal signs of endocarditis). 
Primary tissue failure of bioprostheses with or without 
calcification included structural defects, tear, perforation, 
and fibrosis of the valve leaflets in the absence of en- 
docarditis. Other complications included a myocardial 
infarction caused by the sewing ring of a Lillehei-Kaster 
prosthesis compromising a coronary ostium, and hemo- 
dynamic malfunction (transprosthesis gradient of 65 mm 
Hg) of a 21-mm Lillehei-Kaster valve. 

Sudden cardiac-related events (absence of possible 
prosthesis-related cause) included myocardial infarction 
with typical ECG changes, serum enzyme elevations 
(creatine kinase or lactate dehydrogenase), and typical 
symptomatology (at least two of these three criteria) or 
verified at postmortem examination, and arrhythmia (in- 
cluding sinoatrial and atrioventricular conduction block) 
causing death or necessitating pacemaker implantation. 
In the case of a fatal arrhythmia outside the hospital and 
without a postmortem examination, the distinction from 
stroke was based on the immediate circumstances sur- 
rounding the death and the recent patient history (contact 
with the physician who wrote the death certificate). 


Statistical Analysis 

All tests were computerized using the BMDP software 
package [16]. Comparisons between groups were per- 
formed using the standard y? test or the nonpaired t test 
when appropriate. Linearized complication rates (number 
of events per 100 patient-years at risk) + one standard 
error were calculated as described by Grunkemeier ard 
colleagues [17]. The Kaplan-Meier product-limit method 


was used in the construction of the cumulative event-free - 


curves, and differences between curves were tested by the 
log-rank test. For identification of independent risk fac- 
tors for prosthesis-related and sudden cardiac-related 
events, the proportional hazard regression model intro- 
duced by Cox [8] was used. Descriptions of the Cox 
model, of our formalized test sequence, and of the 
method used to test the prerequisite of proportional 
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event-rates of each of the risk factors included in the final 
Cox model have been given in detail previously [3, 9]. 

Quantitative variables (including year of operation) 
were categorized into “high” versus “low” values using 
different cutoff points; the categorized forms were then 
compared with the variable in its quantitative (continu- 
ous) form in a univariate Cox model, and the form giving 
the largest log-likelihood estimate was chosen for further 
analysis. This procedure was carried out for each of the 
complication modalities. 

The Cox model specifies that the event-rate A(t) at time 
t after operation for a patient with risk factors z,, Z2,.. ., 
Zp is given as A(t) = A,(t) X exp(b,z, + boz. +... + b Zp], 
where A,(t) is the common underlying event-rate and b,, 
Barsas bp are the regression coefficients. It turned out 
that the final Cox models of the present study included 
only categorical variables (risk factor in question present 
versus absent, assigned the values 1 and 0, respectively). 

Furthermore, as the regression coefficients in the mod- 
els were positive, it follows that combinations of none of 
the independent risk variables, any one of these variables, 
any two, any three, and so on to all of the independent 
risk factors identify patient groups with increasing risk, 
which was checked by constructing the observed event- 
free curves for each of these groups. The estimated 
(predicted) event-freedom was calculated for each group 
as S(t, RÌ = S,(t)*P®, where S,(t) is the common under- 
lying event-freedom and RI the mean risk index for the 
group; the risk index for each patient equals z,b, + zb, + 

sF Zpbp. This method reuses information from all 630 
patients in the calculation of the estimated event-freedom 
for each risk group, thus also allowing calculation of the 
estimated freedom for combinations of risk factors that 
included only a few patients or no patients. 

The prognostic influence of the variables listed in Ap- 
pendix 1 was examined, and the tests were performed on 
two populations: the total patient population and the 193 
patients in the coronary angiography group in whom the 
possible influence of CAD and of bypass grafting could be 
analyzed. Cumulative event-freedoms are given with + 
one standard error. The level of significance chosen was 
0.05. 


Results 


Cumulative survival at 5, 10, and 15 years was 80% + 3%, 
62% + 3%, and 41% + 4%, respectively, for the 226 
patients operated on during 1965 through 1976 compared 
with 88% + 2% at 5 years and 79% + 3% at 10 years for the 
404 patients having operation during 1977 through 1986 (p 
< 0.01). The 176 late deaths were caused by prosthesis- 
related complications in 18.2%, by sudden cardiac-related 
events in 23.9%, by congestive heart failure in 30.1% (n = 
53), and by other causes in 27.8% (cancer in 18 patients, 
pulmonary insufficiency or bronchopneumonia in 10, 
hepatic cirrhosis in 3, primary kidney failure in 4, acute 
pancreatitis in 2, autopsy-verified cerebral thrombosis in 
4, pulmonary embolism in 1, sternal ostitis in 1, trauma in 
4, and suicide in 2). Prosthesis-related and sudden cardi- 
ac-related morbidity and mortality are summarized in 


oo 
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Table 1. Prothesis-Related and Sudden Cardiac-Related Morbidity and Mortality 








Event 
Event? No. of Events” Rate‘ No. of Deaths? Percentage of Deaths* 
Thromboembolism 69 (55) 1.7 + 0.2 11 (6) 6.3 
Cerebral 49 8 (4) 
Extremities l 11 1 (0) 
Central retinal artery 7 0 
Coronary 1 1() 
Mesentery 1 : 1 (1) 
Anticoagulant-related hemorrhage 96 (66) 2.4 + 0.2 7 (5) 4.0 
Cerebral ‘ 16 6 (4) 
Gastrointestinal 41 1(1) 
Urogenital 17 0 
Epistaxis, subcutaneous 21 0 
Vitreous body 1 0 
Endocarditis ; 22 (22) 0.5 + 0.1 9 (6) 5.1 
Other prosthesis-related 18 (16) 0.4 + 0.1 5 (5) 2.8 
complications 
Hemolysis 6 0 
Hemolysis and paravalvar leak 2 1 (1) 
Paravalvar leak8 4 2 (2) 
Coronary ostium compromised" 1 1 (1) 
Primary tissue failure 4 0 
Hemodynamic malfunction ` 1 1 (1) 
All prosthesis-related 205 (142)* 5.0 + 0.4 32 (22) 28.2 
complications! 
Sudden cardiac-related events 72 (72) 1.8 + 0.2 42 (18) 23.9 
Arrhythmia 
Fatal 14 14 (8) 
Pacemaker implanted 12 0 
Myocardial infarction 46 28 (10) 
Prosthesis- and sudden cardiac- 277 (197)™ 6.8 + 0.4 74 (40) 42.0 


related morbidity and mortality! 


a See text for definitions; see also Figure 1. 
+ the standard error. 
occurred after prosthesis replacement. 
or microscopy). 
transprosthesis peak systolic gradient of 65 mm Hg. 
more than one of the prosthesis-related complications. 
sudden cardiac-related events. 


Table 1 together with the linearized event-rates; Figure 1 
gives the observed cumulative event-freedoms. Structural 
defects (apart from cloth wear of Starr-Edwards cloth- 
covered valves), mechanical failure, or thrombotic occlu- 
sion of mechanical valves was not observed. The results of 
the Cox analysis of each event modality in the total patient 
population are shown in Table 2 together with the 
univariate significance of each of the independent risk 
factors. 


Thromboembolism 


The 69 events resulted in death in 11 instances (including 
one death after prosthesis replacement necessitated by 
recurrent embolism), cerebral sequelae in 17, and arterial 
embolectomy, partial unilateral blindness, or other per- 


> Numbers in parentheses are numbers of patients. 
4 Numbers in parentheses are numbers of postmortem examinations. 


€ This is the number of events per 10) patient-years 
€ This is based on all 176 late deaths. £ Death 


8 Prosthesis was detached from half the circumference in 2 patients (both died; no signs of endocarditis at culture 

h Compromising factor was the sewing ring of a Lillehei-Kaster prosthesis. 

! This includes the preceding four categories. 
! This includes the preceding two categories. 


This was a 22-mm Lillehei-Kaster prosthesis with a 
K Seventeen patients had complications from 
™ Seventeen patients had both prosthesis- and 


manent functional disability in seven, giving a linearized 
rate of serious events of 0.9 + 0.1. Kidney failure had 
independent predictive influence (Fig 2), but type of 
prosthesis did not. The linearized rate was 1.4 + 0.7 for 
the St. Jude valve (in use from 1980) and 1.7 + 0.5 for the 
Starr-Edwards Silastic (Dow Corning) ball valve (in use 
from 1965 through 1973 and again from 1979). For the 
latter valve type, no thromboembolic events were noted . 
after the sixth year (15-year freedom of 90% + 3%). 

The independent risk factors in the coronary angiogra- 
phy group were CAD (b = 1.525, p = 0.04) and previous 
myocardial infarction (b = 1.423, p = 0.04). Combinations 
of none (n = 107), any one (n = 71), and both (n = 15) of 
these risk factors resulted in observed 10-year freedoms of 
98% + 2%, 90% + 4%, and 80% + 10%, respectively (p = 
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0.002). Kidney failure was present in 15% (n = 17) of the 
patients without and in 30% (n = 23) of those with CAD 
(p < 0.05). 


Anticoagulant-Related Hemorrhage 

Of the 96 events, seven caused death, three resulted in 
cerebral sequelae, and the rest were not associated with 
any permanent disability. Bleeding causing death, stroke, 
operation, or hospitalization or necessitating transfusion 
[15] occurred 60 times, giving a linearized rate of 1.5 + 
0.2. The risk stratification resulting from combinations of 
the four independent risk factors shown in Table 2 re- 
sulted in highly significantly different bleeding rates (Fig 
3). 

Previous systemic hypertension (b = 0.988, p = 0.04) 
and CAD (b = 0.890, p = 0.04) were independent risk 
factors in the coronary angiography group. Presence of 
none (n = 107), any one (n = 76), and both (n = 10) of 
these factors gave observed 10-year freedoms of 92% + 
3%, 70% + 14%, and 51% + 19%, respectively (p = 0.002). 


Prosthetic Valve Endocarditis 

The 22 episodes of endocarditis resulted in death in 9 
patients: in 2 after prosthesis replacement, which was 
performed in 9, and in 7 during antibiotic treatment, 
instituted in 13. No variables had predictive influence. 


Other Prosthesis-Related Complications 

Combinations of none (n = 483), any one (n = 135), and 

any two (n = 12) of the independent risk factors (see Table 
2) gave 15-year freedoms of 98% + 1%, 93% + 3%, and 

30% + 23%, respectively (p < 0.0001). No patient had all 

three factors present (no bioprostheses with an orifice 
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Fig 1. Cumulative observed freedom from thromboembolism (A), anti- 
coagulant-related hemorrhage (B), endocarditis (C), other prosthesis- 
related complications (D), all prosthesis-related complications (E), 
sudden cardiac-related events (F), combined prosthesis- and sudden 
cardiac-related events (G), and prosthesis replacement (P) (see Table 1 
and text for definitions). Ten-year and 15-year event-freedoms (+ the 
standard error) were 85% + 2% and 82% + 3% for A, 84% + 2% 
and 78% + 3% for B, 95% + 1% and 92% + 2% for C, 96% + 
1% and 94% + 2% for D, 66% + 3% and 56% + 4% for E, 82% 
+ 2% and 79% + 2% for F, 55% + 3% and 45% + 4% for G, and 
95% + 1% and 93% + 2% for P, respectively. 
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Fig 2. Cumulative observed (‘‘step’’ curves) and estimated (predict- 
ed) (broken curves) freedom from thromboembolism in relation to 
absence (O) or presence (1) of the independent risk factor (kidney fail- 
ure) identified in Table 2. Ten-year observed (+ the standard error) 
and estimated event-freedoms were 86% + 2% and 86% for O and 
75% + 8% and 73% for I, respectively. 


diameter of = 15 mm compared with 25% of the Starr- 
Edwards Silastic ball valves, 7% of the cloth-covered 
valves, 32% of the Lillehei-Kaster valves, 4% of the St. 
Jude valves, and 0% of the rest of the valves; p < 0.0001). 
The high prevalence of an orifice diameter of 15 mm or 
less together with the age factor (28% of the patients who 
received a Lillehei-Kaster prosthesis and 33% of those 
who received a bioprosthesis were 45 years old or 
younger compared with 10% of the other patients; p < 
0.001) probably precluded Lillehei-Kaster valves (10-year 
freedom of 87% + 7%; p = 0.02 compared with all other 
valves) from having independent influence. Age of 45 
years or less (b = 2.840, p = 0.005) and Lillehei-Kaster 
prosthesis (b = 3.062, p = 0.01) were independent risk 
factors in the group having coronary angiography. 


Prosthesis Replacement 

The underlying events leading to reoperation are included 
in Table 1. Reoperation was performed in 20 patients 
(linearized rate, 0.5 + 0.1). It was necessary because of 
endocarditis in 9 (2 died), hemolysis or paravalvar leak in 
5 (1 died), recurrent embolism in 2 (1 died), primary tissue 
failure in 3 (none died), and a hemodynamically malfunc- 
tioning Lillehei-Kaster valve in 1 (died). Patients with 
none (n = 524), any one (n = 99), and any two (n = 7) of 
the independent risk factors (see Table 2) had observed 
10-year event-freedoms of 97% + 1%, 92% + 4%, and 43% 
+ 22%, respectively (p < 0.0001). No patient had all three 
factors, as none of the patients with a bioprosthesis had a 
preoperative gradient of less than 50 mm Hg. There were 
only three reoperations in the group having coronary 
angiography. l l 


All Prosthesis-Related Complications 

Event-freedoms relative to combinations of the two inde- 
pendent risk factors (see Table 2) are depicted in Figure 4. 
In the coronary angiography group, age of 45 years or less 
(b = 1.658, p = 0.01), CAD (b = 1.166, p = 0.004), and 
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Table 2. Independent Risk Factors for Prosthesis-Related and Sudden Cardiac-Related Morbidity and Mortality 


Univariate Significance 


10-Year Cumulative Event- 


Significance in Cox Freedom + SE 


Model ise Factor Risk Factor 
Event* Risk Factor” b SE p Value Present® Absent® p Value 
Thromboembolism‘ Kidney failure 0.761 0.321 0.015 75% + 8% (111) 86% + 2% (519) 0.015 
Anticoagulant-related Previous systemic 0.930 0.384 0.01 65% + 12% (38) 85% + 2% (592) 0.01 
hemorrhage? hypertension 
Cardiothoracic index > 0.50 0.770 0.311 0.01 79% + 3% (371) 93% + 2% (259) 0.003 
Angina pectoris 0.684 0.297 0.02 81% +3% (405) 90% +3% (225) 0.02 
NYHA class IV 0.666 0.323 0.04 67% + 9% (71) 86% + 2% (559) 0.01 
Endocarditis . None Le LS stand Sieg PE nek 
Other prosthesis-related Porcine bioprosthesis 1.784 0.715 0.01 67% + 21% (15) 95% + 1% (615) 0.0003 
complications® Prosthetic orifice diameter = 1.590 0.571 0.005 88% + 5% (72) 98% + 1% (558) 0.008 
15 mm 
Age = 45 y 1.461 0.533 0.006 88% + 5% (72) 97% + 1% (558) 0.0001 
Prosthesis replacement’ Porcine bioprosthesis 1.863 0.592 0.002 45% + 21% (15) 96% + 1% (615) <0.0001 
Aortic valve gradient < 50 1.509 0.761 0.04 85% + 11% (26) 95% + 1% (604) 0.04 
mm Hg 
Age = 45 y 1.072 0.489 0.03 84% + 6% (72) 97% + 1% (558) 0.002 


All prosthesis-related Cardiothoracic index > 0.60 0.544 0.242 0.02 48% + 10% (62) 68% + 3% (568) 0.02 


complications‘ Prosthetic orifice diameter = 0.442 0.220 0.05 50% + 9% (72) 68% + 3% (558) 0.05 
15 mm 
Sudden cardiac-related Previous myocardial infarction 1.511 0.308 <0.0001 59% + 10% (51) 83% + 2% (579) <0.0001 
events® Aortic valve gradient < 50 1.248 0.442 0.005 42% + 17% (26) 83% + 2% (604) 0.007 
mm Hg 


Absence of intraoperative 0.692 0.285 0.02 77% + 2% (235) 87% + 4% (395) 0.007 
general hypothermia 


NYHA class IV 0.678 0.306 0.03 66% + 8% (71) 84% + 2% (559) 0.0006 
Cardiothoracic index > 0.55 0.621 0.253 0.02 71% + 5% (167) 86% + 2% (463) 0.0001 
Prosthesis- and sudden Previous myocardial infarction 0.619 0.243 0.01 41% + 10% (51) 56% + 3% (579) 0.01 


cardiac-related Cause other than 0.612 0.164 0.0002 42% + 6% (124) 58% + 3% (506) 0.0005 
morbidity and degenerative/unknown and 
mortality® rheumatic 

Cardiothoracic index > 0.60 0.576 0.213 0.007 30% + 8% (62) 58% + 3% (568) 0.0003 


NYHA class IV 0.429 0.215 0.04 
Symptom duration > 60 mo 0.306 0.153 0.04 


38% + 8% (71) 57% + 3% (559) 0.005 
42% + 5% (168) 60% + 3% (462) 0.003 
a See Table 1, Figures 1 through 6, and text. 


strength as indicated by their regression coefficient. The global x? test of the final Cox models gave the following significances: 
0.0001; °p < 0.000001; fp < 0.00001. £ Numbers in parentheses are numbers of patients. 


b = regression coefficient; NYHA = New York Heart Association; SE = standard error. 


> See Appendix 1 and text. The risk factors for each event are arranged in order of decreasing predictive 
€p < 0.01; dp< 


previous systemic hypertension (b = 0.867, p = 0.05) had 
independent influence. Combinations of none (n = 98), 
any one (n = 84), and any two (n = 11) of these risk 
factors (no patient had all three) gave observed 10-year 
event-freedoms of 88% + 4%, 53% + 13%, and 47% + 
19%, respectively (p = 0.003). 


Sudden Cardiac-Related Events 

The independent risk factors (see Table 2) resulted in a 
highly significant risk stratification (Fig 5). Ventricular 
ectopic beats (b = 2.170, p = 0.04), cardiothoracic index 


greater than 0.55 (b = 1.487, p = 0.04), and CAD (b = 
1.291, p = 0.04) were independent risk factcrs in the 
group having coronary angiography. Combirations of 
none (n = 101), any one (n = 83), and any two {n = 9) of 
these risk factors (no patient had all three) gave 10-year 
freedoms of 97% + 2%, 92% + 3%, and 40% + 22%, 
respectively (p = 0.0002). Bypass grafting did not influ- 
ence the sudden cardiac-related events; 53 patients with 
bypassed CAD (28 with single- or double-vessel disease 
and 25 with triple-vessel or left main disease) and 23 in 
whom bypass grafting was not performed (22 with single- 
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Fig 3. Cumulative observed (“step” curves) and estimated (predict- 
ed) (broken curves) freedom from anticoagulant-related hemorrhage 
in relation to combinations of none (O), any one (1), any two (H), any 
three (III), and all four (IV) of the independent risk factors (previous 
systemic hypertension, cardiothoracic index > 0.50, angina pectoris, 
New York Heart Association class IV) identified in Table 2. Ten-year 
observed (+ standard error) and estimated event-freedoms were 98% 
+ 2% and 95% for O, 92% + 2% and 89% for I, 74% + 4% and 
79% for Il, 70% + 9% and 62% for III, and 1 patient with an event 
at 4 years and 32% for IV, respectively. 


or double-vessel disease and 1 with triple-vessel disease) 
had comparable event-rates. 


Total Prosthesis-Related and Sudden Cardiac-Related 
Morbidity and Mortality 

The risk stratification resulting from the independent risk . 
factors (see Table 2) is shown in Figure 6. The patients 
with degenerative/unknown or rheumatic cause had a 
mean age of 61 + 8 years (standard deviation) compared 

















w 
uj 
[en 
Ue 
p 
2 
m 
> 
Ly 
& 
204 No. at risk: 
O 253 97 10 1 
7 | 45 20 5 0 
i 3 1 0 - 
Urr Tot 
o 5 10 15 20 
YEARS 


Fig 4, Cumulative observed (“step’’ curves; and estimated (predict- 
ed) (broken curves) freedom from all prosthesis-related complications 
in relation to combinations of none (O), any one (1), or both (II) of 
the independent risk factors (cardiothoracic index > 0.60, prosthetic 
orifice diameter = 15 mm) identified in Table 2. Ten-year observed (+ 
standard error) and estimated event-freedoms were 70% + 3% and 
69% for O, 53% + 7% and 54% for I, and 31% + 12% and 36% 
for Il, respectively. i 
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Fig. 5. Cumulative observed (“step” curves) and estimated (predict- 
ed) (broken curves) freedom from sudden cardiac-related events in 
relation to combinations of none (O), any one (I), any two (II), any 
three (III), any four (IV), and all five (V) of the independent risk fac- 
tors (previous myocardial infarction, aortic valve gradient < 50 mm 
Hg, absence of intraoperative general hypothermia, New York Heart 
Association class IV, cardiothoracic index > 0,55) identified in Table 
2. Ten-year observed (+ standard error) and estimated event-freedoms 
were 91% + 4% and 93% for O, 84% + 3% and 85% for I, 74% + 
6% and 69% for II, 54% + 10% and 51% for III, respectively, 8% 
(estimated only) for IV, and 0% (estimated only) for V. 


with 50 + 14 years for those with other causes (p < 
0.0001). 

The independent risk factors in the coronary angiogra- 
phy group were age less than 50 years (b = 1.737, p = 
0.001), CAD (b = 1.288, p = 0.003), and digitalis or 
diuretic treatment (b = 1.056, p = 0.004). Patients with 
none (n = 45), any one (n = 98), and any two (n = 50) of 
these risk factors (no patient had all three) had 10-year 
event-freedoms of 90% + 6%, 68% + 10%, and 37% + 
11%, respectively (p < 0.0001). 


Comment 


It should be emphasized that the present material offered 
several advantages in addition to the long follow-up and 
the large number of patient-years. Not only did the 
surgical team and technique remain largely unchanged, 
but a contemporary cold crystalloid cardioplegic method 
[12, 13] was used consistently in all operations. By mini- 
mizing intraoperative anoxic myocardial damage [18], this 
served to preserve the prognostic profile of a patient to a 
higher degree than would have been possible if crystalloid 
cardioplegia, which was not introduced worldwide until 
late in the 1970s, had not been used. These factors 
probably explain to a large extent why year of operation 
did not independently influence any of the events of this 
study. 

By excluding patients with substantial aortic regurgita- 
tion and associated heart diseases other than CAD, we 
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Fig 6. Cumulative observed (“step” curves) and estimated (predict- 
ed) (broken curves) freedom from prosthesis-related and sudden car- 
diac-related morbidity and mortality in relation to combinations of 
none (O), any one (I), any two (II), any three (H), any four (IV), 
and all five (V) of the independent risk factors (previous myocardial 
infarction, cause other than degenerativelunknown and rheumatic, 
cardiothoracic index > 0.60, New York Heart Association class IV, 
symptom duration > 60 mo) identified in Table 2. Ten-year observed 
(+ standard error) and estimated event-freedoms were 67% + 4% 
and 66% for O, 50% + 5% and 51% for I, 37% + 7% and 35% for 
H, 19% + 11% and 18% for IlI, 25% + 22% (at 9 years) and 10% 
for IV, respectively, and 0.5% (estimated only) for V. 


rendered the study population homogeneous in terms of 
interpretation of the significance of potential risk factors 
[3, 9, 19]. That the patients attended annual cardiology 
outpatient clinic control reviews, that these reviews and 
the centralized regulation of Coumadin treatment as well 
as the treatment itself were without financial cost to the 
patients, that the Danish health care system allows free 
and frequent visits to the primary physician and free 
hospital treatment, and that the fate of the patients in 
terms of hospitalization and death is registered in com- 
puterized systems greatly increase the likelihood that we 
have identified all events of significance for this type of 
study. 

Given the problem associated with sudden, unex- 
pected, and often unexplained death, we chose to include 
sudden cardiac-related events in our study. From the 
factors just mentioned we inferred that we would be able 
to obtain relatively reliable diagnoses, even in the absence 
of a postmortem examination. Death from congestive 
heart failure accounted for the vast majority of an accel- 
erating late (>10 years) excess mortality in the high-risk 
groups of our survival analysis [9]. Furthermore, as recur- 
rence of congestive heart failure as a morbid event after 
valve replacement, which we [20] have studied in some 
detail previously, is usually not well defined in time, we 
chose to exclude this event from the present study. 

Comparisons between patient series of the rates of the 
various prosthesis-related complications are difficult, 
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principally due to differences in patient population, 
length of follow-up, and quality and type of anticoagulant 
treatment. Macmanus and associates [21] noted a signifi- 
cant reduction in the linearized rate of thromboembolism 
for the Starr-Edwards Silastic ball valve from 5.0 per’ 100 
patient-years for implantations during 1965 through 1972 
to 3.4 for 1973 to 1979. However, the bleeding rate 
increased synchronously from 1.4 to 3.0. Our relatively 
low rates of thromboembolism and bleeding were not 
influenced by year of operation. Rates of 1.2 to 2.3 per 100 
patient-years for thromboembolic events and of 1.3 to 7.9 
for hemorrhagic events have been reported for contem- 
porary disc valves [22-24]. As these reports in general 
adhered to guidelines comparable with those of The 
Society of Thoracic Surgeons [15] and thus did not include 
minor bleeding episodes, our rates of thromboembolism 
and hemorrhage compare favorably with those men- 
tioned here. This should be viewed in light of the fact that 
48% of the prosthesis types included in our study (the 
Starr-Edwards cloth-covered and track valves, the 
Smeloff-Cutter valve, and the Lillehei-Kaster valves) are 
obsolete. The combined rate of all prosthesis-related com- 
plications, 3.9 to 5.9 per 100 patient-years for the porcine 
bioprosthesis and 3.5 to 12.3 for the Bjérk-Shiley and St. 
Jude disc prostheses [22-24], probably gives a better 
estimate of overall prosthesis performance. Excluding the 
36 minor bleeding events in this report, our comparable 
rate becomes 169 events per 4,072 patient-years or 4.2 per 
100 patient-years. 

The consequences of the complications examined in the 
present study varied considerably. Only 10% of the hem- 
orrhagic episodes resulted in death or permanent func- 
tional disability, whereas the thromboembolic events 
were of transient and benign nature in only 47%. These 
findings are in agreement with those of others [25]. 
Prosthetic valve endocarditis and the other prosthesis- 
related complications resulted in death or reoperation in 
more than two thirds of the patients, and almost 60% of 
the sudden cardiac-related events were fatal. A reduction 
in these events would consequently improve both longev- 
ity and quality of life for the patients. 

The main result of the present study was the identifi- 
cation of risk models for the various events that stratified 
the patients into groups with widely differing observed 
and predicted event-freedoms. The risk models predom- 
inantly emphasized diseased preoperative patient/cardiac 
status as the most decisive factor. Apart from the demon- 
stration of the well-known drawbacks of porcine biopros- 
theses and small Lillehei-Kaster prostheses in regard to 
other prosthesis-related complications and reoperation, 
no prosthesis type had any independent influence. The 
significance of each individual risk factor should be inter- 
preted with some caution. With more than 30 variables 
(see Appendix 1) used as potential predictors of eight 
events (see Table 2), we have a multiple testing problem; 
some of the risk factors with p values greater than 0.01 
would probably not reappear in a second data set/patient 
series. 

To our knowledge, only McGoon and co-workers [26] 
have also performed a multivariate examination of the 
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relation between prosthesis-related complications and pa- 
tient-related factors in a homogeneous study population, 
namely, a population of patients operated on for pure or 
predominant aortic regurgitation. They [26] tested only 
thromboembolism and found no independent risk factors. 

Thromboembolism in our total patient population was 
independently related only to kidney failure, which in the 
coronary angiography population was related to CAD. 
Coronary artery disease and previous myocardial infarc- 
tion were the independent risk factors in the population 
having coronary angiography. It has recently been shown 
[6] that the degree of intravascular hemolysis more than 
10 years after valve replacement for AS is primarily related 
to impaired function of the pump, which drives the 
prosthesis, and only to a minor degree to the type of 
prosthesis. The underlying mechanism of this might also 
cause thrombocyte destruction and thrombus formation. 
Impaired left ventricular function could thus explain the 
adverse influence of previous myocardial infarction, 
which is also related to mural thrombus formation and 
CAD. It has been shown [27] that activated thrombocytes 
in patients with prosthetic heart valves play a role in 
thrombus formation, which is not prevented by Couma- 
din. Because CAD is associated with both increased 
platelet activation [27] and reduced thrombolytic activity 
[28], it is understandable that CAD increases the risk of 
thromboembolism. 

The independent influence of previous hypertension on 
anticoagulant-related hemorrhage is easily compre- 
hended, and the inclusion of increased cardiothoracic 
index and New York Heart Association class IV in the risk 
model points to the importance of end-stage AS disease. 
The influence of angina may be secondary to that of CAD, 
which is an independent risk factor in the coronary 
angiography group. The influence of CAD as well as of 
end-stage AS disease could tentatively be explained by a 
higher prevalence of relative liver failure, and CAD is 
usually also accompanied by atherosclerotic lesions of 
systemic arteries with a higher proneness to bleeding. 

About one third of our patients who received a porcine 
bioprosthesis or a Lillehei-Kaster prosthesis were 45 years 
old or younger. The well-known accelerated degeneration 
rate of bioprostheses in younger patients together with 
the influence of small Lillehei-Kaster valves in the present 
study probably explains the adverse influence of age of 45 
years or less on both prosthesis replacement and other 
prosthesis-related complications. 

All prosthesis-related complications together were ad- 
versely influenced by end-stage AS disease, as exempli- 
fied by a cardiothoracic index of 0.60 or greater and an 
aortic valve gradient of less than 50 mm Hg (associated 
with natrow calcific AS and New York Heart Association 
class IH or IV). Probably because of its influence on other 
prosthesis-related complications, a prosthetic valve orifice 
of 15 mm or less also independently increased the com- 
bined rate of complications. 

Apart from emphasizing an adverse effect of the small 
Lillehei-Kaster valves in this study, the explanation is 
probably also related both to the narrow aortic root [29] 
and to the suboptimal hemodynamic function of small- 
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sized Siarr-Edwards [30], Bjérk-Shiley [29], and St. Jude 
valves 729, 31]. The more favorable proportion between 
the outer diameter of the prosthesis and the diameter of 
the orifice of the St. Jude valve compared with the 
Starr-Edwards Silastic ball valve [5] clearly favors the 
former in patients with a narrow aortic root. 

Our 25% prevalence of Silastic ball valves with an orifice 
of 15 mm or less is explained by the fact that the model 
1200 Si_astic ball valve was the only available small pros- 
thesis in the 1960s [31]. From the early 1970s, we preferred 
a disc valve for patients with a narrow aortic root. From 
1980, we have used the Starr-Edwards model 1260 Silastic 
ball valve and the St. Jude valve almost exclusively, with 
a preference for the latter in a patient with a narrow aortic 
root and when a low profile was desirable [5]. In a 
compatative analysis of implantations during 1980 to 
1986, the two prosthesis types performed equally well [5]. 
Of sore importance is the finding in the present study 
that nc patient with a Silastic ball valve experienced a 
thromkoembolic episode after the sixth postoperative 
year, giving an unprecedented cumulative 15-year free- 
dom of 90%. 

The sudden cardiac-related events in our patients were 
most cften influenced by several factors indicating a 
severely damaged cardiac status preoperatively. The im- 
portance of intraoperative myocardial damage is indicated 
by the protective influence of general hypothermia in 
addition to topical cooling. The influence of CAD needs 
no explanation. It is important to note that bypass grafting 
did not influence sudden cardiac-related events. We [14] 
have previously shown that omission of bypass grafting 
in patients with AS and associated CAD was an indepen- 
dent incremental risk factor for early mortality. The rela- 
tion between ventricular ectopic beats, which also was of 
influence in the coronary angiography group, and ad- 
vanced degrees of myocardial scarring late in the evolu- 
tion of pressure-overload hypertrophy [32] plausibly ex- 
plains a relation to late death from arrhythmia and to 
conduction block necessitating pacemaker placement. 

As dearly underlined by the composition of the risk 
model for the combined prosthesis-related and sudden 
cardiac-related complications, the type of prosthetic valve 
was o: minor importance. The present study clearly 
shows that by deciding on operation early in the course of 
AS, the cardiological-surgical team can “actively” reduce 
the rat2 of these complications. The degree of reduction 
that can be anticipated is indicated by the observed and 
predicted event-freedoms of the risk strata of the present 
report. 
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Appendix 1. Preoperative and Intraoperative Variables Tested for Association With Prosthesis-Related 
and Sudden Cardiac-Related Events™” 





‘Clinical Variables ; Left ventricular end-diastolic pressure (18 + 10 mm Hg) 
_ Male sex (442) Aortic valve regurgitation of grade 1+ or 2+ (80) 
Age (59 + 11 years) Calcified aortic valve (613) 
New York Heart Association functional class HI (370) or IV (71) Operation-Related Variables 
Dyspnea (539) Operative year 
Angina pectoris (405) 1965-1971 (62) 
Syncope (247) 1972-1976 (1164) 
Previous myocardial infarction (51) 1977-1981 (158) 
Left ventricular failure (226) 1982-1986 (246) 
Right ventricular failure (144) Hypothermia 
Previous systemic hypertension (38) Topical (235) 
Digitalis and/or diuretic treatment (385) Topical and general (395) 
Antianginal and/or antiarrhythmic drug treatment (203) Cold blood preinfusion (458) 
Cause Cardioplegic solution 
, Degenerative/unknown (378) Bretschneider II or III (483) 

Rheumatic (128) Bretschneider HTP (147) 

Other (16) . Valve substitute 
Symptom duration >60 months (168) Starr-Edwards Silastic ball (207) i 
Arrhythmia (23) ' Starr-Edwards cloth-covered (133) 
Atrioventricular conduction block grades HII (21) Starr-Edwards track (146) 
Ventricular ectopic beats (26) Smeloff-Cutter ball (1) 
QRS duration of 20.12 second (51) Lillehei-Kaster disc (25) 
ECG hypertrophy score (7.4 + 2.6) Bjérk-Shiley disc (10) 
Kidney failure (111) St. Jude bileaflet disc (93) 
Cardiothoracic index (0.52 + 0.06) Porcine bioprosthesis (15) 
Systemic pulse pressure (50 + 17 mm Hg) Prosthetic orifice diameter (17 + 2 mm) 
Peak-to-peak systolic aortic valve gradient (95 + 31 mm Hg) Prosthetic outer diameter (25 + 2 mm) 


a Data in parentheses are either the number of patients or the mean + the standard deviation. ° See text for definitions. 
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Repair of complete atrioventricular canal with tetralogy 
of Fallot was performed in 9 patients. Ventricular septal 
defect was closed through the right atrium using a single 
polytetrafluoroethylene patch with ample anterior exten- 
sion to avoid subaortic obstruction. The atrial septal 
defect was closed with a separate patch. Undivided 
atrioventricular valve leaflets were sandwiched between 
the two patches. Right ventricular outflow tract stenosis 
was relieved by pulmonary valvotomy and an infundib- 
ular patch in 7, a supravalvar patch (none transannular) 
in 6, and right ventricle-to-pulmonary artery conduit in 
2. There was one hospital death (1/9, 11%) in a patient 
with persistent clinically significant postoperative pul- 
monary stenosis and low cardiac output requiring reop- 


Re of isolated complete atrioventricular canal or 
tetralogy of Fallot can be accomplished with an 
acceptable mortality [1-4]. Correction of the two malfor- 
mations when concurrently present is associated with 
unresolved surgical controversies, however, despite im- 
proved understanding of the pathology and pathophysi- 
ology of the disease [5-10]. Such controversies concern 
the approach for closure of the ventricular septal defect, 
the method of repair of the common atrioventricular 
valve, and the technique for-relief of right ventricular 
outflow obstruction. We review our recent experience 
with surgical management of this malformation and at- 
tempt to outline certain surgical guidelines that may 
contribute to improved outcome. 


Material and Methods 


Nine patients with complete atrioventricular canal and 
tetralogy of Fallot underwent repair between August 1984 
and September 1989. The definition of the lesion complex 
was based on the presence of a large nonrestrictive inlet 
ventricular septal defect with anterior extension, common 
atrioventricular valve, severe right ventricular outflow 
stenosis (right ventricle to pulmonary artery pressure 
gradient more than 40 mm Hg), and a clinically significant 
anterosuperior displacement of the conal septum. There 
were 6 female and 3 male patients. Eight patients had 
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eration and right ventricle-to-pulmonary artery conduit 
insertion. There was no late mortality. All patients are 
asymptomatic 0.3 to 5.6 years after operation. Follow-up 
right ventricular outflow tract gradient ranged from 11 to 
43 mm Hg and was 70 mm Hg in 1 patient who later had 
successful relief of obstruction. Three patients had mitral 
valve insufficiency; 1 needed reoperation. Aggressive 
relief of right ventricular outflow tract stenosis with 
maintenance of pulmonary valve competence and use of 
two separate patches for closure of the septal defects 
contribute to optimum immediate and long-term results 
after repair of this lesion. 


(Ann Thorac Surg 1990;50:407-12) 


Down’s syndrome, and 1 child had a deletion of chromo- 
some 18. A palliative procedure in the form of a unilateral 
modified Blalock-Taussig shunt (4 to 6 mm in diameter) 
was performed in 4 patients; a bilateral shunt was per- 
formed in 2. One patient required pulmonary banding to 
limit pulmonary flow and control heart failure despite 
documented preoperative pulmonary stenosis (right ven- 
tricle to main pulmonary artery pressure gradient of 41 
mm Hg). The palliative procedures were performed at 
between 0.1 and 3.75 years of age (mean 1.5 + 0.9 years). 
Primary repair without initial palliation was accomplished 
in the remaining 2 patients at 1.5 and 2.1 years of age. 

All patients had echocardiogram and cardiac catheter- 
ization before repair (Table 1). Nine patients had in- 
fundibular narrowing, 9 had valvar stenosis associated 
with annular hypoplasia (mild to moderate in 7, severe in 
2), and 7 had supravalvar stenosis. The right ventricle/left 
ventricle pressure ratio was 1 in all patients. Pressure 
gradient across the right ventricular outflow tract ranged 
between 41 and 82 mm Hg (mean 62.6 + 14.6 mm Hg). 
(Table 1). Qp/Qs ratio (after shunt operation) was 1.5/1 to 
5.0/1 (mean, 2.9 + 1.7). Two patients had moderately 
severe atrioventricular valve insufficiency. All patients 
had hypoplasia of the right ventricular outflow tract, 
anterior displacement of the conal septum, and moderate 
to severe aortic overriding (more than 50% as determined 
by angiographic interpretation). Seven patients had aor- 
tic-mitral valve continuity. Associated anomalies in- 
cluded right-sided aortic arch (2 patients) and anomalous 
right subclavian artery (2 patients). 

Ages at repair ranged between 1.5 and 5.1 years (mean, 
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Table 1. Pathology and Technique 


RVOT Stenosis 

Patient Inf Valvar Supravalvar 
M.H. Severe Severe Severe 
D.F. Moderate Moderate — 
M.N. Severe Severe Severe 
D.L. Severe Severe Moderate 

hypoplasia 
E.S. Moderate Severe 

annular 

hypoplasia 
Y.L. Severe Moderate Moderate 
M.S. Severe Moderate Moderate 
A.S. Severe Severe Severe 
J.S. Severe Severe Moderate 


a Rastelli classification. 


Inf = infundibular; PA = pulmonary artery; RV = right ventricle; 


3.7 + 1.2 years). At the time of operation, the ventricular 
septal defect involved the inlet septum and extended 
anteriorly in all patients. The anterior atrioventricular 
valve leaflet was unattached and undivided (Rastelli C) in 
7 of 9 patients (77%) and divided and attached in 2 
(Rastelli A) [11]. Six patients had bicuspid pulmonary 
valve (66%). 


Surgical Technique 

Surgical management of atrioventricular septal defect 
with tetralogy of Fallot has evolved during the past 
several years. Defects in all patients in this series were 
repaired using cardiopulmonary bypass and moderate 
hypothermia (25°C). Myocardial protection consisted of 
cold blood cardioplegia and topical cooling with ice slush. 
An oblique incision in the right atrial wall was made, and 
thorough exploration was performed. The ventricular 
septal defect was closed through the atriotomy using a 
large polytetrafluoroethylene patch fashioned like a 
comma or teardrop and positioned to the right of the inlet 
septum posteriorly and to the right of the aortic root and 
the conal septum anteriorly. It was secured in place with 
interrupted pledgetted sutures and was made wider and 
redundant anteriorly to accommodate any overriding of 
the aortic root and avoid narrowing of the subaortic area 
(Fig 1A-D). In 2 patients, the aortic overriding was severe, 
necessitating use of a small outflow ventriculotomy to 
complete the closure of the defect. No incision was made 
in the anterior or posterior leaflets of the common atrio- 
ventricular valve, and no chordal attachments of the valve 
to the septum were severed. The atrial septal defect was 
closed using a separate patch so that the atrioventricular 
valves were sandwiched between the atrial and ventricu- 
lar patches (Fig 1E, F), and the coronary sinus was left on 
the right side. The mitral valve cleft was closed by 
approximating the anterior and posterior components of 
the anterior leaflet using multiple interrupted sutures 
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RV_PA Antenor Surgical Techniques 
Gradient Common Inf , SV 
(mm Hg) Leaflet Type* Patch Valvotomy Patch 

82 A + + + 
41 C + + = 
57 C + + T 
50 C Valved conduit 16 mm 

80 A Valved conduit 18 mm 

60 C + + + 
78 C + + + 
51 C + + + 
65 C + + + 


RVOT = right ventricular outflow tract; SV = supravalvar. 


placed all the way to its mural end to ensure formation of 
a wide leaflet. The cleft in the septal leaflet of the tricuspid 
valve was closed similarly. The right ventricular outflow 
tract was relieved by pulmonary valvotomy and infundib- 
ular resection with small right ventricular outflow patch in 
7 patients. The supravalvar area was enlarged with a 
patch fashioned like a pantaloon and extended into the 
two anterior sinuses of the pulmonary valve in 6 patients. 
Two patients with severe hypoplasia of the pulmonary 
valve annulus required right ventricle to pulmonary ar- 
tery valved Dacron conduits (16 and 18 mm in diameter) 
(Fig 1G). Transannular patching was not used. 


Results 


All patients were successfully weaned off cardiopulmo- 
nary bypass. Various amounts of inotropic support were 
required in all patients both intraoperatively and postop- 
eratively (Table 2). All 9 patients had normal sinus 
rhythm. There was one hospital death in a patient who 
had an uneventful early postoperative course after the 
intracardiac repair. In the ensuing 24 hours, however, 
progressive right ventricular failure developed. An 
echocardiogram showed poor right ventricular function 
and a right ventricular outflow tract gradient of 36 to 40 
mm Hg. The patient was reoperated on emergently with 
insertion of a 12-mm right ventricle to pulmonary artery 
valved conduit and was successfully weaned off cardio- 
pulmonary bypass but died 12 hours later. Autopsy 
showed early myocardial necrosis. 

Late follow-up is available on the 8 surviving patients 
0.3 to 5.6 years (mean 3.5 + 1.7 years) after operation 
(Table 2). There was no late mortality. All patients are 
asymptomatic, but 3 patients continue to receive small 
doses of diuretics. Right ventricle to pulmonary artery 
pressure gradients on follow-up Doppler echocardio- 
grams ranged from 11 to 43 mm Hg (mean, 24.5 + 9.8mm 
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Fig 1. Pathology and surgical techniques. (Ant. = anterior.) 
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Table 2. Surgical Outcome 
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Late Results 


Duration of 
Early Follow-up RV-PA PG 

Patient Results (y) (mm Hg) 
M.H. Good 3.1 70 
D.F. Good 3.4 11 
M.N. Good 5.6 20 
D.L. Good 3.0 25 
E.S. Good 5.0 43 
YE Good 4.9 20 
M.S. Good 0.3 28 
A.S. Good 2.7 25 
J.S. Poor? 


* Patient had significant preoperative atrioventricular valve insufficiency. 


hypertension postoperatively and died at reoperation. 


PA = pulmonary artery; 
ventricular septal defect. 


PG = pressure gradient; 


Hg) in 7. One patient had a progressive right ventricle to 
pulmonary artery pressure gradient (70 mm Hg at the 
time of latest cardiac catheterization). She underwent 
reoperation 3 years after the first operation, with patch 
enlargement of the right ventricular outflow tract and 
closure of a small residual ventricular septal defect. Two 
patients had mild, hemodynamically insignificant mitral 
regurgitation. One patient with clinically significant pre- 
operative mitral regurgitation required reoperation and 
valvoplasty for residual mitral regurgitation. Two patients 
had mild tricuspid regurgitation. No shunts were docu- 
mented by color Doppler echocardiography in any of the 
remaining patients. 


Comment 


Among the important factors contributing to successful 
management of patients with complete atrioventricular 
septal defect is postoperative competence of the atrioven- 
tricular valves [3]. Most patients have a mild degree of 
mitral or tricuspid valve insufficiency after repair. It is 
primarily owing to the morphology of the common valve 
and is well tolerated hemodynamically. Occasionally, 
serious residual mitral or tricuspid valve regurgitation 
persists after repair owing to defective valve tissue or 
faulty surgical repair and results in a serious decrease in 
cardiac output [6]. The presence of severe postoperative 
tricuspid regurgitation is particularly deleterious when 
complete atrioventricular septal defect is associated with 
tetralogy of Fallot. Under these circumstances, residual 
right ventricular hypertension secondary to incomplete 
relief of stenosis of the right ventricular outflow tract 
exaggerates regurgitation and impairs cardiac output, 
especially in the immediate postoperative period. 

The surgical techniques used to repair the atrioventric- 
ular valves have varied considerably (3, 4, 12, 13]. Among 
the commonly used techniques is splitting of the common 


MI = mitral insufficiency; 


Residual Residual 
MI TI Present Status 
Mild Mild Well; reoperated on for 
residual stenosis and VSD 
Significant? Well; mitral valvoplasty 
outs Well 
Trivial ses Well; on diuretics 
Mild Well 
Well 


Well; on diuretics 
Well; on diuretics 


>This patient had low cardiac output and residual right ventricular 


RV = right ventricle; TI = tricuspid insufficiency; VSD = 


valve leaflets and suspension of the mitral and tricuspid 
components to a single patch used for closure of both the 
atrial and ventricular septal defects. This technique has 
been associated with a high incidence of serious residual 
mitral and tricuspid valve regurgitation owing to leaflet 
dehiscence or shortening [6]. In contrast, the double- 
patch technique used in this series secures the attachment 
of the valve leaflets to the neoseptum, decreases the 
chance of leaflet disruption, minimizes loss of valvar 
tissue, and produces a wider leaflet, especially when 
combined with aggressive closure of the valve cleft all the 
way to the mural side [6]. The relatively low incidence of 
postoperative mitral or tricuspid valve insufficiency in this 
series suggests that the double-patch approach is superior 
to single-patch closure of the atrioventricular septal defect 
in patients with associated tetralogy of Fallot. 

Another important issue in determining the success of 
repair of complete atrioventricular septal defect in associ- 
ation with tetralogy of Fallot is the severity of the residual 
pulmonary stenosis and the degree of postoperative pul- 
monary regurgitation [6]. These lesions are relatively well 
tolerated in the acute postoperative period after repair of 
isolated tetralogy of Fallot, although at the expense of 
progressive right ventricular dysfunction later [14, 15]. In 
the presence of tricuspid regurgitation after atrioventric- 
ular valve reconstruction, however, clinically significant 
obstruction of the right ventricular outflow tract or vol- 
ume overload from pulmonary insufficiency is not as well 
tolerated [4, 5]. Ideally, therefore, the obstruction of right 
ventricular outflow tract in this complex is best relieved by 
resecting the obstructive muscles through the tricuspid 
valve to avoid a right ventriculotomy with its attendant 
ventricular dysfunction by performing a pulmonary val- 
votomy and by patching the supravalvar pulmonary ar- 
tery [10]. In patients with severe infundibular hypoplasia 
and substantial anterior displacement of the conal sep- 
tum, an additional patching of the outflow tract of the 
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right ventricle may be required. The presence of clinically 
significant pulmonary valve annular hypoplasia and ste- 
nosis, often treated by use of a transannular patch, should 
preferably be relieved by insertion of a right ventricle to 
pulmonary artery valved conduit to bypass the obstruc- 
tion without producing pulmonary valve insufficiency. 
Although Urotzky and colleagues [12] and Vargas and 
co-workers [6] reported no side effects from use of the 
transannular patch, our experience and that of other 
investigators suggests that pulmonary regurgitation is not 
well tolerated in this group of patients, primarily in the 
early postoperative period when valve competence is 
necessary to achieve hemodynamic stability [4]. Our data 
suggest that use of a valved conduit is to be recommended 
if preoperative assessment of the hypoplastic pulmonary 
valve annulus predicts a postoperative pressure gradient 
across the right ventricular outflow tract of 40 to 50 mm 
Hg or more [2]. The only disadvantage of this approach 
for relief of outflow obstruction is the need for subsequent 
conduit change because of progressive stenosis. This 
might not be necessary for all conduits, however, because 
the outflow tract and the valve annulus could enlarge 
after repair, obviating the need for future conduit replace- 
ment. Use of a transannular patch with a monocusp is an 
attractive alternative to conduit insertion, but it was not 
used in this series. 

Subaortic stenosis could complicate intracardiac repair 
of this anatomical complex [12]. The ventricular septal 
defect extends anteriorly and is associated with serious 
overriding of the aorta in most patients. Some investiga- 
tors [4, 7] have suggested the use of two patches, one 
posterior and the other anterior, to close the ventricular 
septal defect without narrowing the left ventricular out- 
flow tract. This necessitates a large right ventriculotomy 
to insert the patch around the anterior portion of the 
defect and the aortic root and may result in ventricular 
dysfunction. Other investigators [6] have recommended 
splitting the anterior common atrioventricular valve 
leaflet to the right of the septum to allow more space for 
the ventricular patch and to prevent narrowing of the 
outflow tract of the left ventricle. We have found that the 
defect can be closed by using the right atrial approach in 
most patients, thus limiting the length of the right ven- 
triculotomy, if any, to the minimum necessary to achieve 
relief of the right ventricular outflow obstruction [12]. 
Such an approach is made particularly easy in this lesion 
because of the frequent presence of a free floating (not 
attached to the septum) common anterior leaflet, facilitat- 
ing retraction of the atrioventricular valve and visualiza- 
tion of the anterior portion of the aortic root from the right 
atrium. Tailoring the patch to be wide and redundant 
anteriorly in the shape of a comma or teardrop provides 
ample enlargement of the left ventricular outflow tract 
and eliminates subaortic obstruction. When a right ven- 
tricular to pulmonary artery conduit is needed, the ante- 
rior portion of the ventricular septal defect may be closed 
through the ventriculotomy, using an additional patch 
around the aortic root to enlarge that area. In an occa- 
sional patient, the aortic overriding may be so severe that 
it results in a decreased clearance between the crest of the 
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ventricular septum and the atrioventricular valve, a po- 
tential source of subaortic stenosis. Enlargement of the 
anterior portion of the ventricular septal defect may be 
necessary to eliminate such a possibility. 

When feasible, it is preferable to perform primary 
complete repair rather than initial palliation in patients 
with atrioventricular septal defects associated with tetral- 
ogy of Fallot [16]. This is best achieved when the patient 
is aged 1 year or more. Very young patients or patients 
with hypoplastic pulmonary artery or pulmonary valve 
annulus require palliation with a modified Blalock- 
Taussig shunt. Delaying correction beyond age 1 year 
provides several advantages. The atrioventricular valve 
leaflets usually thicken with time, making valve recon- 
struction easier and more durable. More complete relief of 
right ventricular outflow obstruction is likely to be 
achieved without the need for enlarging the pulmonary 
valve annulus, which is frequently very hypoplastic in 
younger patients. Moreover, a larger conduit could be 
inserted in older patients if such a need arises. These 
advantages outweigh the potential risks of temporarily 
keeping the heart subject to chronic volume and pressure 
overload until the lesion ultimately is repaired. 

Although the mortality rate in this series is quite favor- 
able, future decrease in perioperative complications is 
expected. Use of fresh homografts to bypass right ventric- 
ular outflow obstruction could provide an additional 
thrust toward achieving the best possible surgical results 
in patients with the combination of tetralogy of Fallot and 
atrioventricular septal defect. 
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Arteriosclerosis of the right gastroepiploic artery (GEA) 
and the internal thoracic artery (ITA) were compared by 
pathological observation. Specimens were obtained from 
35 patients who underwent coronary artery bypass graft- 
ing with simultaneous use of these two kinds of arterial 
grafts. Degree of arteriosclerosis was classified in five 
categories: 0, normal; 1, luminal narrowing less than 
25%; 2, luminal narrowing between 25% and 50%; 3, 
luminal narrowing greater than 50%; and 4, overt athero- 
sclerosis with ulceration or calcification. The number of 
arteries with degree 0, 1, 2, 3, and 4 was 16 (46%), 15 
(43%), 3 (9%), 0, and 1 (3%) in GEA and 27 (77%), 8 (23%), 


he right gastroepiploic artery (GEA) has recently be- 

come recognized as a suitable conduit for coronary 
artery bypass grafting (CABG) because of its similarity in 
size to the coronary artery, the technical feasibility of in 
situ grafting, and the lack of gastric complications after 
division of the GEA [1-5]. The incidence of arteriosclerosis 
of GEA has not been widely investigated, however. 
Larsen and colleagues [6] described the incidence of 
arteriosclerosis of the gastroduodenal artery and the other 
abdominal arteries in comparison with the coronary ar- 
tery. In the present study, we made a pathological com- 
parison in the clinical setting between the GEA and the 
ITA, which is already known to have relative immunity 
from atherosclerosis. 


Material and Methods 


Specimens of GEA and ITA were taken from 35 patients 
who underwent CABG with combined arterial grafts. 
After harvesting these two kinds of arteries by a technique 
previously described [2], we obtained materials just distal 
to the anastomotic site of each artery without any me- 
chanical dilatation. Pathological observation was made 
under hematoxylin-eosin and elastica van Gieson stain- 
ing. 

Subjects were 29 Japanese men and 6 Japanese women 
ranging in age from 45 to 72 years (mean age, 58.4 years). 
All patients had severe stenoses in all three major coro- 
nary artery branches except for 3 patients with double- 
vessel disease. Eleven patients had hypertension, 10 
patients had diabetes mellitus (3 required insulin), and 9 
patients had hypercholesterolemia (more than 5.95 
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0,0, and 0 in ITA, respectively. Incidence of degree 0 was 
higher in ITA, but differences were not significant. The 
mean wall thickness was 0.30 + 0.13 mm in GEA and 
0.21 + 0.07 mm in ITA (p < 0.05). In 23 patients who 
underwent postoperative angiography, all 46 arterial 
grafts were patent without focal stenosis. We conclude 
that GEA has slightly more intimal thickening than ITA, 
but significant luminal narrowing caused by arterioscle- 
rosis is rare. Gastroepiploic artery can be expected to be 
a suitable conduit for coronary artery bypass grafting. 


(Ann Thorac Surg 1990;50:413-6) 


mmol/L [230 mg/dL]). Severe occlusive disease in the 
aortoiliac artery was associated in 3 patients, and palpable 
atherosclerotic lesion in the ascending aorta was noted in 
4 patients. 

The degree of arteriosclerosis was classified in five 
categories: 0, normal; 1, intimal thickening of the thickest 
part occupying less than 25% of the luminal diameter; 2, 
intimal thickening occupying between 25% and 50% of 
the luminal diameter; 3, intimal thickening occupying 
more than 50% of the luminal diameter; and 4, apparent 
atherosclerotic change with ulceration or calcification (Ta- 
ble 1). Wall thickness of specimens was also measured. 

In 23 patients, postoperative angiography was per- 
formed within 6 postoperative months. Student's } test 
and y? test were used for statistical analysis. 


Results 


The number of arteries with degree 0, 1, 2, 3, and 4 was 16 
(46%), 15 (43%), 3 (9%), 0, and 1 (3%) in GEA and 27 
(77%), 8 (23%), 0, 0, and 0 in ITA, respectively (Table 1). 
The incidence of degree 0 was higher in ITA, but differ- 
ences were not significant. One GEA with degree 4 was 
not discarded, but was used to bypass the right coronary 
artery because its free flow was good (160 mL/min) after 
additional excision of the distal end. Because this patient 
had severe occlusive disease in bilateral iliac arteries, 
postoperative celiac angiography could not be performed. 
No signs of myocardial ischemia and chest pain have been 
noted in this patient. The wall thickness of GEA was 0.30 
+ 0.13 mm (range, 0.1 to 0.7 mm), which was significantly 
thicker (p < 0.05) than that of ITA, which had a mean of 
0.21 + 0.07 mm (range, 0.1 to 0.3 mm). Typical histolog- 
ical views of GEA are shown in Figure 1. Figure 2 shows 
the histology of GEA and ITA of degree 0 as well as 
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Table 1. Grading of Arteriosclerosis of the Gastroepiploic 
Artery and the Internal Thoracic Artery 


GEA ITA p 
Degree Definition (n = 35) (n = 35) Value 
0 Normal 16 (46%) 27 (77%) NS 
1 Less than 25% narrowing 15 (43%) 8 (23%) NS 
2 25% to 50% narrowing 3 (9%) 0 NS 
3 More than 50% narrowing 0 0 NS 
4 Calcification 1 (3%) 0 NS 


GEA = gastroepiploic artery; 
not significant. 


ITA = internal thoracic artery; NS = 


postoperative angiograms of those grafts in a 61-year-old 
man. 

The amount of elastic tissue in the media was appar- 
ently higher in ITA than in GEA in most patients (Fig 3). 
All 23 grafts of GEA and ITA were patent at postoperative 
angiography. Two of these GEAs were opacified through 
the superior mesenteric arteriography. No segmental ste- 
nosis was found in the trunk of any GEA or ITA graft. 


Comment 


Successful clinical reports of the GEA graft in CABG were 
described by Pym and colleagues [1] and Suma and 
co-workers [7] in 1987. Its clinical application is increasing 
[2-5]. Numerous experiences show that GEA has a diam- 
eter similar to that of the coronary artery and a proper 
length to be used as an in situ graft; it poses no gastric 
complications related to devascularization and has an 
adequate flow capacity. To predict its long-term patency, 


Fig 1. Microscopic views of the gastroepiploic artery: 
normal (left, top), mild (left, bottom), moderate 
(right, top), and severe (right, bottom) arteriosclerotic 
changes. (Elastica van Gieson, X20 before 16% re- 
duction.) 
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which is still unknown, the incidence and grade of arte- 
riosclerosis of GEA should be clarified. 

In 1969, Larsen and colleagues [6] studied the incidence 
of arteriosclerosis in various sites of human arteries in 
elderly patients at autopsy. They reported that the gas- 
troduodenal artery, the upstream of the GEA branched 
from the common hepatic artery, apparently has less 
arteriosclerosis than the coronary artery. They graded 
arteriosclerotic changes in four degrees as we did, and the 
number of vessels in grade 1 to 4 (from normal to severely 
diseased) was 37 (36%), 58 (57%), 2 (2%), and 5 (5%) in 102 
gastroduodenal arteries and 0, 14 (14%), 33 (32%), and 56 
(54%) in 103 coronary arteries. In our study, we compared 
arteriosclerotic changes between GEA and ITA obtained 
from surgical specimens in patients with significant arte- 
riosclerosis in their coronary arteries and some other sites, 
such as the ascending aorta or the femoral artery. Even in 
these highly arteriosclerotic patients, most ITAs were free 
of arteriosclerosis as previously reported [8-10]. On the 
other hand, GEA showed a higher incidence of mild 
intimal thickening (degree 1) than did ITA; 31 of 35 GEAs 
(89%) had a clinically normal appearance, however (de- 
gree 0 and 1). Only one GEA showed overt atherosclerosis 
(in a patient with associated aortoiliac occlusive disease). 
Elastic tissue was rich in the media of ITA in many cases, 
but was rare in GEA, as Mills and Everson reported [4]. 
The wall was thicker in GEA (0.30 mm) than in ITA (0.21 
mm) in many instances, which was advantageous in the 
operating room because a thicker wall makes suture of 
GEA easier. 

Although other important anatomical factors such as 
integrity of the internal elastic lamina [11] or the relation- 
ship between the vessel wall thickness and the vasa 
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Fig 2. Histology (top) and postop- 
erative angiograms (bottom) of gas- 
troepiploic artery (GEA) and internal 
thoracic artery (ITA) grafts in a 62- 
year-old man. (Elastica van Gieson, 
x20 before 31% reduction.) (LAD = 
left anterior descending coronary ar- 
tery; RCA = right coronary artery.) 


vasorum [12] must be considered with regard to the graft patency. Therefore, the grade of arteriosclerosis of 
patency of the autologous graft, they were not investi- autologous arterial graft is not the single determinant 
gated in this study. Biochemical factors such as prostacy- factor for long-term patency of the graft. We believe, 
clin [13], endothelium-derived relaxing factor [14], and however, that a mild degree of arteriosclerosis in GEA, 
other endothelial substances may also play some role in although slightly greater than in ITA, is strong supportive 





GEA (degree 0) ITA (degree 0) 





Fig 3. Histology of the gastroepiploic 
artery (GEA) and the internal tho- 
racic artery (ITA) in a 60-year-old 
man. Elastic tissues in the media 
(stained black) are apparently rich in 
the ITA, whereas they are quite rare 
in the GEA. (Elastica van Gieson, 
x20 before 30% reduction.) 
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evidence that GEA will have good long-term patency as a 
coronary artery bypass graft. 
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Tumor involvement of the superior vena cava can occur 
either by direct extension of the primary tumor or by 
invasion of superior mediastinal lymph nodes. Removal 
of a portion of the caval wall may be required to allow 
adequate margins of resection. The technique described 
involves placement of an intraluminal shunt and resec- 
tion of the involved caval wall with reconstruction using 
autologous pericardium. 

(Ann Thorac Surg 1990;50:417-9) 


peo carcinoma can involve the superior vena 
cava either by direct extension of the primary tumor 
or by invasion of superior mediastinal lymph nodes. A 
complete and margin-free resection may require removal 
of a portion of the wall of the superior vena cava or 
innominate vein. 

Reports have described bypassing or replacing an ob- 
structed superior vena cava secondary to tumor involve- 
ment with a variety of materials, including Dacron (C.R. 
Bard, Billerica, MA), Gore-Tex (W.L. Gore, Elkton, MD), 
saphenous vein, and pericardium [1-4]. When an ob- 
structed superior vena cava is bypassed, the construction 
of a temporary shunt is usually not required as adequate 
collateral pathways have already developed. In contrast, 
clamping and reconstruction of a nonobstructed superior 
vena cava can result in hemodynamic compromise intra- 
operatively owing to an abrupt decrease in venous return 
to the heart during clamping. A sudden increase in 
intracranial venous pressure may also cause irreversible 
brain damage, and the possibility of an intracranial bleed- 
ing episode exists [5, 6]. For these reasons, we have 
always shunted blood from the innominate vein to the 
right atrium during resection of a nonobstructed superior 
vena cava. This technique involves placing a tube through 
the right atrium into the right innominate vein, and, in 
our experience, has been simple to perform and success- 
ful. 


Operative Technique 


If the tumor of the lung is large and bulky and there is 
direct extension into the wall of the vena cava, the 
technique of vena caval shunting and resection of a 
portion of its wali can be more easily accomplished if the 
lung has been removed. In this instance, it may be 
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necessary to cut through the tumor just distal to the 
involvement of the wall of the vena cava. Seeding of the 
operating field by tumor cells is speculative, but the 
added exposure for shunting, resection, anc. reconstruc- 
tion has been of benefit. This is not required when lymph 
nodes invade the wall of the vena cava as an en-bloc 
resection can be performed. The pericardium is opened as 
close to the hilum as possible in an attempt to avoid 
prosthetic patch repair of a large pericardial defect, but 
the opening must be generous enough to provide ade- 
quate exposure of the atrium and proximal cava. If the 
phrenic nerve has not been involved by the tumor, it can 
be dissected free and retracted medially. 

A careful and complete dissection is required to expose 
adequate lengths of both the right and left innominate 
veins. Umbilical tapes are then placed around the cava at 
the atriocaval junction and around each individual innom- 
inate vein. The tourniquet at the atriocaval junction 
should be positioned slightly above the actual junction, if 
the tumor margin permits, to avoid potential injury to the 
sinoatrial node. We have not experienced any rhythm 
disturbances with this technique. 

The azygos vein is routinely ligated if it has not previ- 
ously been thrombosed by tumor. A 20F thoracostomy 
tube is then prepared to serve as the shunt. The distal end 
of the tube must be cut off so that only two or three 
sideholes of the chest tube remain and are distal to the 
occluding tourniquet at the innominate leve.. The tube is 
then measured against the length of the superior vena 
cava and right atrium, and a single hole is cut into the side 
wall of the tube at an appropriate distance that will permit 
the side hole to direct the flow of shunted blood into the 
right atrium and still be distal to the occluding atriocaval 
tourniquet. 

The patient is then anticoagulated with 5,000 U of 
sodium heparin given intravenously. A pursestring su- 
ture is placed in the wall of the right atrium just as if one 
were preparing the placement of a venous drainage cath- 
eter for cardiopulmonary bypass. A stab wound is made 
into the atrium wall in the center of the pursestring 
suture, and the shunt is inserted into the right atrium and 
through the vena cava into the right innomir.ate vein. The 
distal end of the shunt is occluded with a clamp. Securing 
the tourniquets with careful positioning of the shunt will 
effectively isolate the involved portion of the superior 
vena cava while maintaining venous return to the heart 
(Fig 1A). The involved caval wall can then be completely 
resected with histological examination of the margin by 
frozen-section analysis. We have usually been able to 
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Fig 1. (A) Shunt properly positioned in the superior vena cava by right atrial pursestring. (B) Tourniquets snared to allow isolation and excision 
of involved caval wall. (C) Pericardial flap sutured into place. Suture line should begin on the most posterior and medial aspect of the caval wall. 
(D) Completed reconstruction with shunt removed and flow reestablished. 


retain a segment of the medial vena cava in our resections however, the anesthesiologist is alerted to watch the face 
(Fig 1B). and necx veins carefully for engorgement while the shunt 

We do not routinely use a central venous pressure is in place. The flow through a 20F catheter has been 
catheter as it would lie in the area of caval resection; adequate in our experience to date. 


me 
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Table 1. Summary of Patients Undergoing Concomitant Superior Vena Caval Reconstruction and Pulmonary Resection" 


Age 

Sex (y) Operation 

M 60 Right pneumonectomy, 
squamous cell CA 

M 40 Right upper lobectomy, 
neuroendocrine CA 

F 42 Right pneumonectomy, 
squamous cell CA 

F 73 Right pneumonectomy, 
squamous cell CA 

M 52 Right sleeve 
pneumonectomy, 
squamous cell CA 

M 61 Right pneumonectomy, 


neuroendocrine CA 


SVC 
Specimen Follow-up 

Positive DOD at 11 mo, SVC 
patent at autopsy 

Positive NED at 42 mo 

Positive DOD at 4 mo 

Positive Dead of arrhythmia at 
17 days, SVC patent 
at autopsy 

Positive NED at 14 mo 

Positive NED at 4 mo 





* Margins of resection at operation were free of tumor in all patients. 
CA = carcinoma; DOD = dead of disease; 

A piece of pericardium large enough for reconstruction 
of the caval defect is then obtained. The pericardium is 
sutured into the caval defect with a running 4-0 Prolene 
suture (Ethicon, Somerville, NJ) beginning posteriorly 
and medially (Fig 1C). The pericardium is oriented with 
the visceral surface toward the caval lumen. The sutures 
should be closely spaced, and the patch is always made 
patulous to avoid any possibility of lumen compromise. 
Once the procedure is completed, the innominate tourni- 
quets are released to aid in removal of air before removal 
of the shunt (Fig 1D). 

It is always necessary to evaluate carefully the size of 
the resulting pericardial defect to judge whether cardiac 
herniation may occur. It may be necessary to place a 
prosthetic patch to avoid this complication, particularly if 
a right pneumonectomy has been accomplished. 


Comment 


We used this technique of superior vena caval shunting, 
resection, and reconstruction in 6 patients with caval wall 
involvement with tumor and achieved satisfactory results 
(Table 1). One patient died in the early postoperative 
period of a ventricular arrhythmia; postmortem examina- 
tion showed a patent superior vena caval reconstruction 
without evidence of stenosis or thrombus. A second 
patient died of recurrent disease at 11 months, and again 
postmortem examination showed a patent reconstructed 
vena cava. The remaining patients have not had clinical 
evidence of caval obstruction or any complications related 
to this technique. Assessment of patency has been made 
only by clinical examination to date. We do not believe 
that use of more invasive methods of assessment are 
justified in this population of patients with advanced 
disease. 


NED = no evidence of recurrent disease; 


SVC = superior vena cava. 


We favor the use of pericardium over prosthetic mate- 
rials such as Gore-Tex or Dacron primarily because of the 
potential of thrombogenicity. Spiral saphenous vein grafts 
potentially could be used for this application but we find 
them to be more time consuming without any obvious 
advantage. 

This technique has not been used in superior vena 
cavas that are totally obstructed by tumor, and we do not 
advocate the described technique for that application. 
However, this technique can be of benefit when resection 
of a large portion of the superior vena cava is necessary to 
achieve a complete resection. Experience to date is still too 
limited to assess accurately any impact on patient survival 
using this technique with concomitant pulmonary resec- 
tion for bronchogenic carcinoma. 
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Omental pedicle flaps were used in the treatment of 
patients with acute and chronic empyema with bron- 
chopleural fistula. In 5 patients (group 1) with postoper- 
ative acute empyema owing to bronchial stump fistula, 
an omental covering was applied as a reinforcement to 
close the fistula. Six patients in group 2 with chronic 
tuberculous or Aspergillus empyema with multiple fis- 
tulas initially underwent open-window thoracostomy or 
cavernostomy and secondarily had omental transposi- 
tion. In all patients, the right gastroepiploic vessels were 
used to provide the blood supply for the flap. Successful 


To of acute and chronic empyema, including 
postlobectomy empyema, postpneumonectomy em- 
pyema, and tuberculous or nontuberculous empyema, 
has been a major concern of thoracic surgeons [1-4]. 
Despite the decreasing use of resection as a treatment 
method for intrapulmonary tuberculosis, chronic tubercu- 
lous empyema must often be treated surgically. Although 
several operative procedures have been developed with 
varying degrees of success [1-3, 5-8], the method of 
treating empyema, and in particular empyema associated 
with fistula, remains controversial, 

The omentum has been used for management of com- 
plicated problems in various fields of general surgery and 
cardiovascular surgery [9-18]. It has also been used in 
repair or reconstruction of organs with ischemic damage 
and as an aid in the healing or closing of various types of 
fistulas [7, 10, 12, 16]. Some successful results have been 
achieved by use of the omentum in patients with thoracic 
empyema resulting from bronchial fistula (7, 16]. We have 
performed operations using the omentum in 12 patients 
with acute and chronic empyema and achieved favorable 
results in 10. We report our series of patients and discuss 
the value of the omental flap in the surgical treatment of 
thoracic empyema, its indications, and its limitations. 


Material and Methods 


Since January 1980, 12 patients have undergone omental 
transposition in our departments. The 9 men and 3 
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closure of the bronchial stump was obtained in all 
patients in group 1, but 2 of them died of recurrence of 
their underlying lung carcinoma within 1 year. Five of 
the 7 patients in group 2 had a favorable outcome, but 2 
patients had partial recurrence after omental plombage. 
From our experience with these patients, we believe that 
the omental flap is effective for closing fistulas due to 
postoperative or chronic empyema but has only limited 
success in patients whose lungs are severely damaged by 


persistent infection. 
(Ann Thorac Surg 1990;50:420-4) 


women were divided into two groups (Tables 1, 2). Group 
1 consisted of 5 patients who had postoperative acute 
empyema (4 had postpneumonectomy empyema, and 1 
had empyema after right middle and lower lobectomy). 
The 7 patients in group 2 had chronic empyema: 5 had 
tuberculous empyema, and 2 had Aspergillus empyema. 
The underlying disease of the 5 patients in group 1 was 
lung carcinoma (see Table 2). Chronic empyema due to 
tuberculous or aspergillosis in group 2 was discovered 
after the development of symptoms related to bron- 
chopleural fistulas. 

A single-stage operation was performed in all patients 
in group 1 and in 1 patient in group 2. Two-stage 
procedures (open-window thoracostomy or cavernos- 
tomy and then omental plombage) were performed in the 
remaining 6 patients with chronic empyema (see Tables 1, 
2). In these patients, two or three segments of rib were 
resected and the empyema space was fully exposed at the 
initial operation. Postoperatively, daily gauze dressings 
were applied until fresh granulations appeared in the 
open space (a period of 1 to 9 months). Omental plom- 
bage was performed as a secondary procedure. Staphylo- 
coccus aureus was detected in the empyema space in 6 
patients with postpneumonectomy empyema. In the 
chronic empyema group, only 1 patient (patient 8) was 
positive for tuberculous bacilli, whereas Aspergillus was 
demonstrated in 2 patients by culture. Tuberculous or 
mycotic lesions were histologically confirmed in all re- 
sected specimens in group 2. 

For transposition of the omentum, a short median 
incision was made in the upper abdomen and the greater 
omentum was freed from the greater curvature of the 
stomach proceeding from left to right. In all patients, the 
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Table 1. Patients With Postoperative Empyema Who Underwent Omental Transposition (Group 1) 


Patient Age 
No. Sex {y) Underlying Disease Type of Fistula Operation Outcome 
1 M 71 Right lung carcinoma Bronchial stump fistula TD, OC Successful dosure; died 
after pneumonectomy after 3 mo of tumor 
recurrence 
2 M 52 Right lung carcinoma Bronchial stump fistula TD, OC Successful closure; died 
after pneumonectomy after 1 y of tumor 
recurrence 
3 M 56 Right lung carcinoma Bronchial stump fistula TD, OC Successful c'osure; alive 
after middle and 1 y 3 mo Dostop 
lower lobectomy 
4 63 Right lung carcinoma Bronchial stump fistula TD, carinal resection Successful c_osure; alive 
after pneumonectomy and OC 1 y 3 mo postop 
5 M 56 Right lung carcinoma Bronchial stump fistula TD, OC Successful closure; alive 


after pneumonectomy 


1 y 3 mo postop 





OC = omental covering; 


omental flap was supplied by the right gastroepiploic 
vessels. A hole admitting two or three fingers was made 
in the diaphragm below the sternum, and the omental 
flap was generally brought up into the lower thoracic 
space without difficulty through this hole. In the patients 
with chronic empyema in the upper thorax (patients 9 and 
10, Table 2), however, intrathoracic transfer of the omen- 
tum was difficult because the adhesions between lung and 
chest wall or diaphragm were very firm. In those patients, 
we made a subcutaneous tunnel and passed the omentum 
through it to bring it up into the empyema space (Fig 1). 

For closure of the fistulas in most patients in group 2, 


Successful closure = successful closure of bronchial fistula; 


TD = tube drainage. 


we sutured individual fistulas except for the smallest 
ones, which were left to close spontaneously. In patient 8, 
in whom the dissection and suturing of a larger fistula 
proved difficult, we pushed a part of the omentum into 
the fistula while covering the lung with omentum. In all 
patients, the omental flap was fixed to the bronchial wall: 
with Dexon sutures, and fibrin glue was pouzed into the 
space around the omentum. In 4 patients with chronic 
empyema, we performed additional plombage using the 
surrounding chest wall muscles (pectoralis major and 
serratus anterior muscles for anterior lesions and latissi- 
mus dorsi for posterior lesions), because in those patients 


Table 2. Patients With Chronic Empyema Who Underwent Omental Plombage (Group 2) 





Location of 





Patient Age Empyema in 
No. Sex (y) Cause of Empyema Thoracic Space Operation Outcome 
6 F 65 Tuberculous empyema Right lower OWT, decortication, and No recurrence at 3 y 
with fistulas omental transposition 5 mo; alive and 
well 
7 F 32 Aspergillus empyema Right upper OWT, omental No recurrence at 2 y 
with fistulas transposition 9 mo; alive and 
` well 
8 M 74 Tuberculous empyema Left lower OWT, omental Partial recurrence at 
with fistulas transposition, and 2 y 5 mo; alive 
muscle plombage 
9 M 68 Tuberculous empyema Right upper OWT, omental Partial recurrence at 
with fistulas transposition, and 2 y 5 mo; alive 
muscle plombage 
10 M 76 Aspergillus empyema Left upper Open-window Partial recurrence at 
. with fistulas cavernostomy, omental 2 y 2 mo; alive 
and muscle plombage 
11 F 66 Tuberculous empyema Right lower OWT, omental 6 mo postop 
with fistulas transposition, and 
muscle plombage 
12 M 72 Tuberculous empyema Right total OWT, omental 6 mo postop 


with fistulas 


OWT = open-window thoracostomy. 


transposition 
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the omentum was of insufficient volume to cover the 
entire surface of the damaged lung. 

In patients with postoperative bronchial stump fistulas, 
tube drainage and irrigation was performed initially. 
Next, the pleural space was opened and the entire surface 
of the empyema cavity was irrigated thoroughly. After 
exposing healthier tissue belonging to the bronchial 
stump as far as possible, we performed repeat resection 
and closed the stump. Finally, we bunched the trans- 
ferred omentum and sutured it to the bronchial stump in 
some areas. 


Results 


We obtained favorable postoperative results in 5 patients 
in group 2 with chronic empyema (patients 6, 7, 8, 11, and 
12); 2 had partial recurrence (patients 9 and 10) (see Table 
2). Patient 6 had a right chronic empyema with fistulas. 
Long-term management with tube drainage was a failure, 
but omental transposition was subsequently performed 
successfully (Fig 2). Patient 7 was a very short and thin 
woman. She had undergone long-term medical therapy 
for pulmonary tuberculosis, but an intracavitary as- 
pergilloma subsequently developed. An open-window 
cavernostomy was performed. At the closure of this large 
open space, sufficient chest wall muscle was not available 
for plombage; therefore, only the omentum was placed 
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Fig 1. Method of transposing the omentum in a patient whose empy- 
ema space is located in the upper thorax and whose residual lung has 
tight adhesions to the thoracic wall. The omentum is brought up 
through a subcutaneous tunnel. 


Ann Thorac Surg 
1990;50:420-4 





3 months after omental transpo- 
sition in patient 6 shows the patency of the right gastroepiploic vessels 
that run into the left thorax. 


Fig 2. A celiac angiogram performed 


over the openings of the fistulas. Postoperatively, the 
dead space slowly decreased with time (Figs 3 and 4), 
Patients 6 and 12 also did not undergo additional plom- 
bage using chest wall muscles. 

In patients with successful results, pulmonary symp- 
toms resolved completely and there has been no recur- 
rence during follow-up. Patients 9 and 10 had recurrence 
of symptoms about 1 month after omental plombage. 
Both of them were malnourished elderly patients with 
large empyemas and persistent infection of the lung 
parenchyma in whom pleuropneumonectomy was impos- 
sible because of their poor general condition and reduced 
lung function. In patient 9, after an open-window thora- 
costomy, the omentum and chest wall muscles were used 
to cover many fistulas of various sizes. Postoperative 
broncaog! raphy s showed, however, that obliteration of the 
fistulas was only partially successful. In patient 10 a 
recurrent free space developed 1 month after operation 
and repeat cavernostomy showed partial recurrence of the 
fistulas even though the omentum was viable and tightly 
adherent to the top of the empyema space. Patients 11 
and 12 are alive and well 6 months after operation, but it 
is too early to assess the long-term results in these 
patients. 

In all patients with postoperative acute empyema 
(group 1), we successfully achieved closure of the bron- 
chial fistula by using the omental covering (Table 1). Four 
of the 5 patients in this group had stage IH lung carci- 
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Fig 3. A celiac angiogram performed 3 weeks after omental transpost- 
tion in patient 4 shows thin omental vessels (arrows) covering the 
surface of the bed of a large empyema space. 


noma, and 1 had a stage I tumor. Patient 1 died of 
recurrence of carcinoma in the early postoperative period. 


Comment 


In empyema without fistula, decortication or extrapericos- 
tal air plombage usually is used; the former procedure is 
performed for a localized and the latter for an extensive 
empyema. However, the treatment of empyema with 
fistula is more varied because it often is difficult. The 
mortality in patients with a bronchial stump fistula after 
pneumonectomy is considerable. In the treatment of acute 
empyema resulting from bronchial fistula, we have per- 
formed an open-window thoracostomy as an emergency 
procedure. After daily irrigation with antibiotics, we then 
performed repeat closure of the bronchial stump and 
muscle plombage. The results, however, were sometimes 
not favorable. In elderly patients with bronchial carci- 
noma, the bronchial stump may be at risk of ischemia 
because of the dissection of surrounding tissues. Accord- 
ingly, in the case of a large bronchial stump with dehis- 
cence due to ischemia, covering the fistula with a muscle 
flap alone will be inadequate because muscle lacks the 
ability of fat to promote angiogenesis [19]. For this reason, 
we used the omentum for closing bronchial stump fistulas 
in this series and obtained good results. 

Several surgical techniques have been introduced for 
the treatment of chronic empyema with fistula. We have 
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previously performed open-window thoracostomy fol- 
lowed by myoplasty in select patients, using methods 
reported previously [1-3, 5, 8]. For empyema with fistula. 
pleuropneumonectomy is a potentially curative opera- 
tion, but it may be too invasive for patients at risk. 
Bronchial fistulas generally heal poorly owing to an inad- 
equate blood supply and persistent infection [7]. The 
omentum has a rich blood supply and tends to adhere 
well to inflammatory tissue [7, 15]. In 21 empyemic 
patients, Hankins and colleagues [6] reported six recur- 
rences and unsuccessful treatment in 4 patients; in 2 
others, treatment was partially successful but myoplasty 
had to be repeated. Myoplasty is a safer procedure than 
pleuropneumonectomy or extended thoracoplasty, but 
myoplasty does not always provide satisfactory results in 
elderly or thin, malnourished patients. 

The remarkable power of the omentum to aid tissue 
repair may result from its encouragement of cellular 
proliferation and fibrous tissue formation, as well as its 
adhesion to surrounding organs [10, 16, 18]. Furthermore, 
both the rich omental lymphatic system and the revascu- 
larization promoted by the omentum permit rapid reab- 
sorption of inflammatory exudates, with little local infec- 
tion (3, 15]. Miller and co-workers [20] reported good 
results in 2 patients who underwent closure of a post- 
pneumonectomy empyema space with use of both ex- 
trathoracic muscle flaps and omental grafts. In this series, 
we also added plombage with chest wall muscles in a few 
patients in whom the thin omental tissue was not suffi- 





Fig 4. A chest roentgenogram performed 6 months after operation in 

$ genog per] } 

patient 4 shows the marked decrease in the right apical dead space (ar- 
rows), 
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cient to cover the empyema surface. We do not believe 
that complete closure of an empyema space is always 
needed, however, provided that the residual space is kept 
clean by daily gauze dressings and provided that omental 
coverage of the fistula openings is sufficient. The residual 
space decreases considerably in such cases with time, 
even though it does not become completely obliterated. In 
3 patients with chronic empyema, additional muscle 
plombage was not performed. All are now alive and well 
despite having a residual pleural space. 

Based on their experience in chest wall reconstruction 
with omentum, Jurkiewicz and Arnold [11] stressed that 
the right gastroepiploic artery is usually lager than the left 
and that omental flaps accordingly should be based on the 
right gastroepiploic vessels. We believe that either artery 
may be used, although in all our patients the right 
gastroepiploic vessels were used for the blood supply of 
the flap. Use of the omentum should be avoided in 
patients who have had any previous operation on the 
gastrointestinal tract or who have any kind of active 
abdominal disease. 

Regarding postoperative complications, subacute ileus 
with brief postoperative abdominal distention developed 
in only 1 patient. Although there is a theoretical risk of 
herniation of the abdominal organs, this complication did 
not occur in our series. When using an omental flap, one 
must be careful to avoid any kinking, compression, or 
rotation of the vascular pedicle [15]. Formation of larger 
hematomas in the omentum should also be avoided [12]. 
Infection may spread to the abdominal cavity because a 
passage is created surgically between the empyemic space 
and the abdomen, particularly in cases of pulmonary 
tuberculosis or aspergillosis. Therefore, to achieve steril- 
ization of the empyema space, we recommend an open- 
window thoracostomy followed by daily gauze dressings 
for several months before its closure is attempted. 

Two patients in our series had unsuccessful results. The 
cause of failure was considered to be that both patients 
were malnourished and had severe chronic infection of 
the airways and lung parenchyma. Thus, it appears that if 
the lung has foci of persistent infection with fistulas 
connecting to the empyema space, omental plombage 
may not be successful. 
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The effects of three low-dose regimens of preoperative 
aspirin therapy on postoperative blood loss, transfusion 
requirements, and length of hospital stay were recorded 
in a prospective cohort study of 202 patients undergoing 
elective coronary artery bypass grafting. One hundred 
one patients had been prescribed daily aspirin by the 
referring cardiologist (44 at 75 mg, 28 at 150 mg, and 29 at 
300 mg); the remaining 101 patients who had not been 
prescribed aspirin acted as a control group. A median 
postoperative blood loss of 870 mL in the control group 
was increased by 280 mL in the 75-mg aspirin group (p < 
0.001), by 490 mL in the 150-mg aspirin group (p < 0.001), 
and by 230 mL in the 300-mg aspirin group (p = 0.03). 
The median requirement for blood transfusion of 2 U red 


he efficacy of aspirin in reducing the incidence of 

myocardial infarction in primary and secondary pre- 
vention trials [1] and in improving long-term patency of 
vein grafts after coronary artery bypass grafting when 
prescribed perioperatively [2] has resulted in increasing 
use of aspirin in patients awaiting coronary revasculariza- 
tion. 

Most studies of aspirin as a prophylactic therapy for 
cardiovascular events have used daily doses of 300 to 
1,500 mg. Evidence shows, however, that similar prophy- 
lactic efficacy can be achieved with doses as low as 50 
mg/day without the increased incidence of side effects 
that occurs with doses greater than 300 mg/day [1]. 
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Studies of the effects of preoperative aspirin therapy on 
blood loss associated with cardiac operations have pro- 
duced conflicting results; some groups of investigators 
have reported an increase [3-5], and others have reported 
no effect [2, 6, 7]. The largest of these studies, that of 
Goldman and associates [5], based on the results of a 
Veterans Administration Cooperative Study, reported 
that aspirin in daily doses between 325 and 975 mg did 
increase postoperative bleeding, but the effects of low- 
dose aspirin therapy on blood loss after cardiopulmonary 
bypass has not been addressed. 


Accepted for publication April 5, 1990. 


Address reprint requests to Mr Taggart, University Department of Cardiac 
Surgery, Royal Infirmary, Glasgow, G31 2ER Scotland. 


ma anant ol oes om Le 


blood cell concentrates in the control group was in- 
creased by 2 U in the 75-mg aspirin group (p < 0.001), 2 
U in the 150-mg aspirin group (p < 0.001), and 1 U in the 
300-mg aspirin group (p = 0.05). Hemostatic “packs” 
(fresh frozen plasma, platelets, and cryoprecipitate) were 
required in 20 patients in the aspirin groups as compared 
with 5 in the control group (p < 0.01 by x? test). The 
mean postoperative hospital stay was 8 days for all 
groups. Regular daily low-dose aspirin therapy produces 
significant increases in postoperative blood loss, result- 
ing in a substantial increase in blood transfusion and 
hemostatic pack requirements, but does not prolong 
postoperative hospital stay. 

(Ann Thorac Surg 1990;50:425-8) 


We compared the effects of differing low doses of 
preoperative, regular, daily aspirin therapy (75, 150, and 
300 mg) with no preoperative aspirin intake cn postoper- 
ative blood loss, blood product requirements, and post- 
operative hospital stay in 202 consecutive patients under- 
going elective coronary artery bypass grafting. 


Material and Methods 


Patient Population 
Two hundred two consecutive patients undergoing elec- 


.tive coronary artery bypass grafting were studied. Pa- 


tients receiving warfarin or undergoing redo operations or 
combined coronary and valve operations were excluded 
from the study. In no case was aspirin administered for 
the purpose of the study. 

All patients had chronic stable angina and were receiv- 
ing regular antianginal medication consisting of B-block- 
ers, nitrates, and calcium antagonists, singly or in combi- 
nation. In addition, the 15 referring physicians had also 
prescribed daily aspirin in 101 of these patients awaiting 
coronary artery bypass grafting. Cardiologists prescribed 
preoperative aspirin in all or none of their patients de- 
pending on their particular clinical practice. The waiting 
time for operation was between 6 and 9 months. As far as 
could be ascertained by questioning and reviewing the 
case notes, the remaining 101 patients had not been 
taking aspirin or an aspirin-based medication regularly. 
Preoperative aspirin medication was continued until the 
morning of operation, and on the morning after operation 
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all patients were started on 75 mg aspirin and 100 mg 
dipyridamole three times daily. 

Six surgeons participated in the study using similar 
operating techniques (pulsatile cardiopulmonary bypass, 
bubble oxygenator, and moderate [28° to 30°C] hypother- 
mia). In most patients, an internal mammary artery graft 
was used as part of revascularization. 

Postoperative chest drainage was measured hourly un- 
til the time of drain removal. Chest drains were not 
removed until a minimum of 15 hours after operation and 
not until there had been 5 consecutive hours of drainage 
of less than 20 mL/h. 

Prescription of hemostatic “packs” (consisting of 500 
mL fresh frozen plasma, 5 U platelets, and 10 U cryopre- 
cipitate) was made by the consultant surgeon or senior 
registrar, both of whom were unaware of the study in 
progress. The presence of an obvious surgical cause of 
bleeding at reexploration resulted in exclusion of 2 pa- 
tients from further study, whereas bleeding attributable to 
coagulopathy did not. 

The requirement for blood transfusion (350-mL units of 
red blood cell concentrates) was determined by the need 
to maintain the postoperative packed cell volume above 
30%. The number of units of blood or blood products 
required by each patient was recorded by one author 
(A.S.) who was not responsible for their prescription. 


Statistical Analysis 

Results are expressed as mean and standard deviation 
(SD) except where data are clearly skewed, when the 
median and 95% confidence intervals (CI) are presented. 
The Kruskal-Wallis test was used to identify differences in 
postoperative blood loss and transfusion requirements 
among the groups, as these data were not normally 
distributed. A Mann-Whitney U test was used for fol- 
low-up when differences existed among the groups. 

The y? test with Yates’ correction factor was used to 
analyze differences in the requirement for coagulation 
packs and the need for rethoracotomy in the control 
group as compared with the aspirin group as a whole. 
Multiple-regression analysis was used to determine which 
parameters (age, bypass times, number of grafts) signifi- 
cantly correlated with postoperative blood loss. 


Results 


Of the 202 patients studied, 101 had been prescribed daily 
aspirin (75 mg in 44, 150 mg in 28, and 300 mg in 29) while 
on the waiting list for operation (6 to 9 months). The 
remaining 101 patients had not been prescribed, nor did 
they admit to taking, regular aspirin therapy or other 
aspirin-based medication. Two of the patients not taking 
aspirin were excluded from further analysis because of an 
obvious surgical cause of bleeding at reexploration for 
excessive blood loss. The four groups were similar with 
respect to age, sex distribution, the number of bypass 
grafts performed (including use of internal mammary 
artery grafts), bypass times, and duration of chest drain- 
age (Table 1). 

Total blood loss in the four groups is shown in Figure 1. 
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Table 1. Summary of Patient Population, Operative Features, 
Hemostatic Pack Requirements, and Duration of Hospital 
Stay’ 





Aspirin Dose 








(mg) 

Variable 0 (Control) 75 150 300 
No. of patients 99 44 28 29 
Age (y) 56 (9) 56 (9) 58 (6) 58 (8) 
Males (%) 86 (87%) 33 (75%) 25 (89%) 24 (83%) 
No. of grafts 3.0(1.0) 3.1 (1.1) 3.3(4.1) 3.1 (0.9) 
IMA graft (%) 83 (84%)  34(77%) 20(72%) 26 (90%) 
Bypass time (min) 84 (31) 84 (28) 95 (32) 88 (28) 
Drainage (h) 25 (9) 28 (11) 30 (13) 24 (8) 
Hemos:atic packs 5 (5%) 12 (27%) 7 (25%) 1 (3%) 
Hospital stay (d) 8.2 (2.5) 8.1 (2.4) 8.5 (2.6) 8.2 (2.1) 


* Values are shown as mean and standard deviation. 


IMA = internal mammary artery. 


In the control group, the median postoperative blood loss 
was 870 mL (95% CI, 790 to 960 mL), The median 
postoperative blood loss increased in all groups receiving 
regular, daily aspirin therapy: an increase of 280 mL in 
patients receiving 75 mg aspirin daily (95% CI, 30 to 420 
mL; p = 0.02), 490 mL in patients receiving 150 mg aspirin 
daily (95% CI, 230 to 770 mL; p < 0.001), and 230 mL in 
patients receiving 300 mg aspirin daily (95% CI, 20 to 380 
mL; p = 0.03). 

Multiple-regression analysis showed that preoperative 
aspirin ingestion significantly, but weakly, correlated 
with postoperative blood loss (regression coefficient, 
519.1; SD, 155.4; t ratio, 3.34; r? = 0.09; p < 0.001). 
Postoperative blood loss did not correlate significantly 
with age, bypass time, or number of grafts received. 

The median blood requirement in the control group was 
2 U packed red blood cells (95% CI, 1.5 to 2.5 U). The 
median increase in postoperative blood transfusion was 2 
U (95% CI, 1 to 2 U; p < 0.001) in patients receiving 75 mg 
aspirin daily, 2 U (95% CI, 1 to 3 U; p < 0,001) in patients 
receiving 150 mg aspirin daily, and 1 U (95% CI, 0 to 2 U; 
p = (©.05) in patients receiving 300 mg aspirin daily. 
Hemostatic products were required in 5% of the control 
group as compared with 20% of patients receiving aspirin 
(p < 0.01 by x? test), owing almost entirely to increased 
requirements in the 75-mg and 150-mg aspirin groups but 
not the 300-mg group. 

In total 13 patients required chest reopening for bleed- 
ing (7 patients in the aspirin group and 6 in the control 
group}. At reexploration among all these patients, a 
surgical cause of bleeding was found in only 2 patients not 
receiving aspirin (in both cases, bleeding was from the 
distal internal mammary artery and both patients were 
excluded from further analysis). In the remaining 11 
patients, 7 in the aspirin group and 4 in the control group 
(not significant), the bleeding was attributed to coagulop- 
athy as no specific site of surgical bleeding could be 
identified. 
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The mean postoperative hospital stay was 8 days for all 
patient groups (see Table 1). 


Comment 


This study is one of the largest yet reported to examine 
the effects of regular daily preoperative aspirin therapy on 
postoperative blood loss. Although the study was not 
randomized, a selection bias is unlikely to have arisen as 
the decision to prescribe aspirin and the choice of dose 
were made by 15 cardiologists unaware of the proposed 
study, as were the operating surgeons during the study 
period. Individual cardiologists either prescribed aspirin 
for all or none of their patients depending on their 
particular clinical practice. 

The similarity of the groups with respect to age, sex 
distribution, number of grafts received (including internal 
mammary artery grafts), and bypass times appears to 
confirm that no selection bias existed. Because thrombox- 
ane B, levels were not measured in serum, the possibility 
that control patients may have taken over-the-counter 
preparations with aspirinlike activity cannot be excluded 
on history alone. Such preparations, however, would 
have been likely to have predisposed patients in the 
control group to increased bleeding and would therefore 
have minimized any differences between the groups. 

All aspirin groups had increased postoperative blood 
loss and transfusion requirements, although this was least 
marked in the 300-mg group. In platelets, aspirin irrevers- 
ibly inhibits cyclooxygenase, preventing formation of 
thromboxane A,, a potent stimulator of platelet aggrega- 
tion [1]. Conversely, inhibition of cyclooxygenase in vas- 
cular endothelium prevents formation of prostacyclin, 
which inhibits platelet aggregation and induces vasodila- 
tation [1]. Aspirin therefore has the potential, at least 
theoretically, to be both antithrombotic and thrombo- 
genic. This potential has been used to explain the “aspirin 
paradox,” in which increasing single doses of aspirin up 
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Fig 1. Box-plot and whisker diagram shows total 
blood loss in the four groups of patients (*p < 0.05; 
* = p < 0.01 as compared with control group). 
Center box shows median and interquartile range with 
whiskers indicating range of data, except for outliers, 
which are marked individually (solid black dot). 


to 1 g prolong bleeding time; at doses of more than 1 g, a 
return toward normal occurs [8, 9]. The ideal antithrom- 
botic dose of aspirin therefore would be that which blocks 
cyclooxygenase in platelets but not in the vascular wall; 
this is the rationale for current low-dose aspirin therapy. 
The possibility that the aspirin paradox may exist when 
aspirin is administered in daily doses between 75 and 300 
mg has not been reported previously. It is conceivable 
that daily low-dose aspirin therapy may have a cumula- 
tive effect, leading to blood levels similar to those ob- 
tained with single larger doses, known to produce the 
aspirin paradox [8, 9]. Confirmation of this possibility 
requires pharmacological investigation and may help de- 
fine optimal low-dose aspirin therapy. Alternatively, dif- 
ferent preoperative doses of aspirin therapy may variably 
influence platelet damage induced by extracorporeal per- 
fusion but, again, confirmation of this would require 
detailed investigation. 

In our study, use of preoperative aspirin, but not age, 
bypass time, or number of grafts received, was an inde- 
pendent predictor of postoperative blood loss as deter- 
mined by multiple-regression analysis. The correlation 
coefficient was low, however, implying that preoperative 
use of aspirin may be a good predictor of increased blood 
loss in a group of patients but not in individual patients. 
A recent publication by Ferraris and Gildengorin [10] 
could not confirm preoperative aspirin therapy as a pre- 
dictor of postoperative bleeding; however, of 159 patients 
studied by these investigators, only 15 had received 
preoperative aspirin therapy. Ferraris and Gildengorin 
[10] did identify blood cell volume, derived from preoper- 
ative hematocrit and blood volume (derived from a nomo- 
gram based on patient weight, height, and sex), as an 
independent predictor of postoperative blood loss. We 
did not address this question specifically in our study, but 
as our patients formed a homogenous group who had not 
been hospitalized for the 6 months preceding operation, 
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we would not expect significant differences in blood cell 
volume. 

The increased transfusion requirements in the aspirin 
groups were greater than would be expected from the 
observed increases in postoperative chest drainage. How- 
ever, prophylactic aspirin therapy probably also predis- 
poses to increased intraoperative blood loss, which is 
difficult to quantitate and which was not included in the 
postoperative losses in this study. 

Our results suggest that preoperative low-dose aspirin 
therapy approximately doubles blood transfusion require- 
ments and substantially increases the need for hemostatic 
products after coronary artery bypass grafting. Because 
coronary artery bypass grafting is one of the most com- 
monly performed major operations in the United King- 
dom, the implications for reducing the risk of transfusion- 
transmittable diseases in individual patients as well as 
demands on transfusion services are substantial. 

Aspirin therapy significantly alters platelet function 
within a few hours of administration and prolongs bleed- 
ing times for at least the subsequent 7 days [11]. To 
reverse this effect therefore would require that aspirin 
therapy be stopped at least 1 week before operation. It is 
unlikely that such a policy would predispose patients to a 
significant increase in the risk of a fatal or nonfatal 
coronary event; the Aspirin Myocardial Infarction Study 
Research Group trial of prophylactic aspirin therapy in 
patients with documented ischemic heart disease re- 
ported only a small decrease in coronary events (from 
14.8% to 14.1%) over a 3-year period [12]. It is also 
unlikely that such a policy would jeopardize the long- 
term patency of aortocoronary bypass grafts. Platelet 
numbers and function decrease with cardiopulmonary 
bypass [13]; because aspirin affects platelet function 
within 2 hours of administration [11], aspirin therapy 
started postoperatively once bleeding has ceased should 
achieve platelet inhibition rapidly. Lorenz and colleagues 
[2] showed such a policy to be effective by demonstrating 
that starting aspirin therapy (100 mg) within the 24-hour 
period after coronary artery bypass grafting improves 
angiographically confirmed long-term patency of saphen- 
ous vein grafts [2]. 

Although it is difficult to make definitive recommenda- 
tions based on the results of our study, we suggest that 
discontinuing aspirin medication for 1 week before a 
coronary operation would result in a significant reduction 
in blood product requirements and the attendant risks of 
transfusion without any increase in cardiovascular mor- 
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bidity. Furthermore, if aspirin therapy subsequently is 
restarted in the early postoperative period when blood 
loss has reached minimal levels (usually within 6 hours 
after operation), the long-term patency of aortocoronary 
grafts probably will not be jeopardized. 





We thank Margaret Whiteside for typing the manuscript. 
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one tissue heart valve 
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Our long-term commitment to engineering and 
design has resulted in today’s number one choice in tissue valves. 
The Carpentier-Edwards* Bioprosthesis benefits from the flexibility 
of our unique Elgiloy’ stent and our advanced tissue preservation 
techniques. The result is a tissue valve of improved hemodynamics 
and excellent durability. 

When indications call for a tissue valve, turn to the valve 
chosen more often than any other tissue valve in the world—over 
270,000 implants to date—the Carpentier-Edwards* Bioprosthesis. 

For more information, call or write Baxter Healthcare 
Corporation, Edwards CVS Division, 17221 Redhill Avenue, Irvine, 
CA 92714-5686, 800.424.3278. Refer to following page for a brief 
summary of prescribing information. 
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Carpentier-Edwards® Bioprosthesis 
For Single Use Only 


Indications: Bioprostheses are indicatec for use in patients suffering from valvular heart disease. Aortic and mitral 
valvular heart disease are conditions involving any of the following: obstructions of the heart valves, or stenosis; 
leakage of the valves, known as regurgitztion or insufficiency; and combinations of the two, sometimes referred to 
as mixed disease or combined lesions. Valvular heart disease may be caused by any number of factors, including 
congenita! abnormalities, infection by various microorganisms, degenerative calcification, rheumatic heart disease 
and rupture or dysfunction of the mitral subvalvular mechanism secondary to myocardial ischemia. Bioprostheses 
are used particularly in those patients for whom long-term anticoagulation is contraindicated o” who may be diffi- 
cult to maintain on anticoagulation therapy. The Carpentier-Edwards bioprosthesis is intended tor use in patients 
whose aortic or mitral valvular disease is sufficiently advanced to warrant replacement of their natural valve with 2 
prosthetic one. It is also intended for use in patients with a previously implanted aortic or mitral valve prosthesis 
which is no longer functioning adequately and requires replacement. In the latter case, the previously implanted 
prosthesis is surgically excised and replaced by the replacement prosthesis. Warnings: For Sinjte Patient Use Only 
in the presence of conditions affecting ca'cium metabolism or when calcium-containing chronis drug therapies are 
used, the use of a mechanical prosthesis as an alternative should be considered. This is also true in patients under 
20 years of age, in patients on a high calcium diet, in the presence of severe systemic hypertension, and in patients 
who are on maintenance hemodialysis. The decision to use a tissue valve must ultimately be made by the physician 
on an individual basis after a careful evaluation of the short- and long-term risks and benefits to the patient are 
made, and altemative methods of treatment are considered. Overall durability, especially long-term, has not been 
established for bioprostheses. Serious complications, sometimes leading to replacement of the valve and/or death, 
may be associated with the use af prosthetic valves (see Complications). A full explanation of the benefits and risks 
should be given to each prospective patient before surgery. Note: Bioprostheses should be usec with caution in the 
presence of severe systemic hypertension ar when the anticipated patient fongevity is longer then the known 
fongevity of the prosthesis. Caréful and continuous medical follow-up {at least by an annual visit to the physician) is 
advised so that valve-related complications, particularly those related to material failure, can be diagnosed and 
properly managed. Recipients of prosthetic heart valves who are undergoing dental procedures should receive 
prophylactic antibiotic therapy to minimize the possibility of prosthetic infection. Bioprosthetic h2art valve recipients 
should be maintained on anticoagulant therapy, except where contraindicated, during the initial healing stages after 
implantation, approximately 2 to 3 months. Anticoagulants should then be discontinued over a period of 10 days, 
except in those patients for whom indefinite anticoagulant protection is indicated. ie., in the absence of sinus 
rhythm and in patients with a dilated left atrium, calcification of the atrial wall or history of previous atrial throm- 
bosis. The appropriate anticoagulation therapy must be determined by the physician on an individual basis. 
Adequate rinsing with physiological satine, as described in the Technique section, Is mandatary before Implan- 
tation to reduce the glutaraldehyde concentration. No other solutions, drugs, chemicafs, antibiotics, ete. 
should ever be added to the glutaraldehyde or rinse solutions, as lreparable damage to the Hallet tissue, 
which may not be apparent under visual inspection, may result. The Carpentier-Edwards biojrostheses must 
be kept moist at all times. Drying out will cause Irreversible damage to the leaflet tissue. To prevent drying out 
during implantation, the valves should be irrigated periodically on both sides with sterile physiological saline. 
Passing diagnostic catheters and transvencus pacing leads across a Carpentier-Edwards bioprosthesis coutd dam- 
age the valve. Consequently, itis recommended that these procedures be avoided. Both the valve and glutaraldehyde 
storage solution are sterile. The outside of the jar is not sterile and must not be placed in the sterife field. Further- 
more, the valve and container should never be subjected to sterilization procedures involving ethylene oxide, 
propylene oxide, steam, or irradiation. Storage between 10°C and 25°C is recommended; however, care should be 
exercised to avoid freezing or extreme heat, which may damage the valvular tissue. Any valve that has been frozen 
or exposed to temperatures greater than 62°C should not be used for human Implantation. Glutaraldehyde may 
cause irritation af the skin, eyes, nose, and throat, and may also cause skin sensitization. Avold prolonged or 
repeated contact or prolonged breathing of he vapor Use only with adequate ventilation. In the event of contact, 
immediately flush the affected area with wacer. In the event of contact with eyes, seek medical attention. Surgical 
Precautions: 1. When choosing a valve for a given patient, the size, age, and physical condition of the patient in 
relation to the size of the prosthesis must be taken into consideration to minimize the possibility o obtaining a 
suboptimal hemodynamic result, The selection of a valve, however, must ultimately be made by the physician on an 
individual basis after carefully weighing all of the risks and benefits to the patient. 2. Due to the retative flexibility of 
the frame, care must be exercised to avoid te use of too large a prosthesis to prevent folding or extreme deforma- 
tion of the stent that may render the valve incompetent. Oversizing may create highty localized mechanical stresses 
resulting in tissue failure in the form of detachment of the leaflets or porcine aortic wall from the valve stent posts. 
3. Left ventricular perforation or ulceration has been reported. Both open and closed chest cardiac massage in 
patients with an open strut mitral prosthesis increases the risk of ventricular perforation. Additionally, lifting, flex- 
ing, and manya! compression of the distend2d heart after discontinuation of bypass may cause a commissure strut 
to be pushed through the endocardium, producing a dissecting hematoma with subsequent uncontrolled hemor- 
rhage. 4. The spacing ofthe sutures.in the remnant of the valvular orifice and the prosthesis suture ring must be 
carefully matched to avoid folding af the leaf ets or extreme distortion of the orifice. Edwards CVS Division has 
received reports in which individual mattress sutures, spanning a distance of 10 to 15mm, produced a purse-string 
effect causing compression of the valve afifice. 5. When using interrupted sutures, it is important fo cut the sutures 
close to the knots and to ensure that exposed suture tails will not come into contact with the feattet tissue. Cases 
have been reported in which bioprostheses developed severe regurgitation and had to be replaced as a result of 
wear due to contact with sutures. B. Unlike rigid mechanical valves, the stent wall is soft and will not resist needle 
penetration. Accordingly, extreme care must be exercised when placing sutures through the sewin} margin to avoid 
penetration of the side wall of the stent and possible laceration of the leaflet tissue. 7. As with all prostheses that 
have open cages, free struts, or commissure supports, care must be exercised, particularly in mitral replacement, 
to avoid looping or catching a suture around the free fegs which would interfere with proper valvular function. 6. The 
Stent of the bioprosthesis is asymmetrical to conform to the natural shape of the porcine aortic valve. Consequently, 
the commissure supports are not equidistant'y spaced. The contrasting suture markers in the sewing ring of the 
mitral valve denote the greatest intercommissural distance, These two commissure supports should be oriented so 
as to straddle the ventricular outflow tract to avoid murmurs due to blood flow turbulence. Note: Tre contrasting 
suture material should no! be removed from the prosthesis. 9. tn the aortic position, the struts should correspond 
to the remnants of the natural commissures so as not to obstruct the coronary ostia, 40. A serial number tag is 
attached to the sewing ring of each valve by a suture. This serial number should be checked agains: the number on 
the jar; if any difference is noted, the valve should be returned unused. This tag should not be detached from the 
valve until implant is imminent. Care shauld be exercised to avoid cutting or tearing the suture ring cloth during 
removal. 11. Gentle handling is required tor al implantable devices. If the valve is dropped, damaged, or mis- 
handled in any way, it must not be used for human implantation. Complications: As with all prosthetic heart valves, 
serious complications, sometimes leading to death, may be associated with the use of tissue valves. in addition, 
complications due to individual patient reacticn to an implanted device, or to physical or chemical cranges in the 


-Components, particularly those of biological origin, may occur at varying intervals (hours or days) necessitating 


reoperation and reptacement of the prosthetic device. Complications associated with the use of Carpentier-Edwards 
bioprostheses include stenosis, regurgitation through an incompetent valve, perivalvular leak, endo=arditis, 
hemolysis, thromboembolism, thrombotic obstruction, bleeding diatheses related to the use of antizoaguiant ther- 
apy, ventricular perforation by stent posts, looged sutures, and malfunctions of the vatve due to distortion at implant 
or physical or chemical deterioration of valve components. Types of tissue deterioration inctude infection, calcifica- 
tion, thickening, perforation, suture abrasion, instrument trauma, and leaflet or aortic wall detachment from the 
valve stent posts. These complications may present clinically as abnormal heart murmur, shortness of breath, exer- 
cise intolerance, dyspnea, orthopnea, anemia fever, arrythmia, hemorrhage, transient ischemic attack, stroke, 
paralysis, low cardiac output, pulmonary edema, congestive heart failure, cardiac failure, and myocardial infarct. 
Note: Based on reports in the literature on tissue valves, there appears to be an increased incidence of leaflet calcifi- 
cation in patients under the age of 20. In this regard, animal research studies show that a high systemic calcium 
level can lead to early calcification. Furthermore, at least one published report describes an apparent causal relation- 
ship between the consumption of daily calcium supplements and early leaflet calcification in an adult When feasible, 
repeated intravenous injections containing calcium should be avoided during the postoperative period; and exces- 
sive milk or dairy product consumption should be avoided in children. There are no clinical data presanlly available 
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Eight Years’ Experience With the Medtronic-Hall 


Valve Prosthesis 


J. L. Vallejo, PhD, J. M. Gonzalez-Santos, MD, J. Albertos, MD, M. J. Riesgo, MD, 
M. E. Bastida, MD, M. J. Rico, MD, F. Gonzalez-Diego, MD, and R. Arcas, PhD 


Departments of Cardiac Surgery and Anaesthesia, General Hospital Gregorio Marañon, School of Medicine, Universidad 


Complutense, Madrid, Spain 


During the period January 1981 to September 1986, 444 
Medtronic-Hall heart valve prostheses were implanted in 
351 patients (mean age, 45 + 10 years) mainly for rheu- 
matic valve disease (63.2%). Most of the patients were in 
New York Heart Association functional class III. Con- 
comitant surgical procedures, mainly conservative tricus- 
pid or mitral procedures or coronary artery bypass graft- 
ing, were performed in 101 patients (28.7%). Single-valve 
replacement was performed in 262 patients (74.6%) (aor- 
tic in 117 patients, mitral in 143, and tricuspid in 2), 
double-valve replacement in 85 (24.2%) (mitral and aortic 
in 83 and mitral and tricuspid in 2), and triple-valve 
replacement in 4 (1.1%). Hospital mortality was 6.2%. 


ince the introduction of the disc valve prosthesis in 
1969, various series have demonstrated the good 
results obtained with these devices [1-6]. In spite of this 
improvement, we are still looking for the ideal prosthesis. 
In January 1981, we began to implant the low-profile, 
pivoting-disc (pvrolytic carbon) Medtronic-Hall mechani- 
cal valve prosthesis. What interested us in this particular 
prosthesis were mechanical features suggesting the pos- 
sibility of better hemodynamic performance: the wide 
opening angle (75 degrees) and the upward gliding move- 
ment of the disc [7].. The wide disc movement would 
facilitate flow through the prosthesis, thus allowing re- 
duction in the rate of thromboembolism. The central 
orifice ensures a secure attachment, thus preventing disc 
migration. 





For editorial comment, see page 346. 





Our usual practice is to implant porcine bioprostheses 
in older patients (older than 70 years), in young patients 
who request it, and in patients for whom anticoagulation 
is contraindicated. In the remaining patients, we use 
mechanical prostheses: Medtronic-Hall, Bjérk-Shiley, and 
St. Jude Medical. These prostheses were considered to 
have potentially better characteristics than others avail- 
able at the time, but the preference of the surgeon led to 
the final choice. > 


Accepted for publication April 9, 1990. 
Address reprint requests to Dr Vallejo, Pez Volador 28, 28007 Madrid, 
Spain. 


© 1990 by The Society of Thoracic Surgeons 


Follow-up was 97.7% complete. The overall actuarial 
8-year survival rate was 77.2%. The linearized incidence 
of valve-related complications was as follows: throm- 
boembolism, 1.5%/patient-year; reoperation, 1.5%/ 
patient-year; endocarditis, 1.25%/patient-year; hemolysis, 
0.52%/patient-year; anticoagulant-related hemorrhage, 
0.39%/patient-year; and noninfection-related parapros- 
thetic leak, 0.33%/patient-year. There were no instances of 
structural failure. We conclude that after 8 years of follow- 
up, the Medtronic-Hall valve prosthesis has an excellent 
clinical performance and a low range of valve-related 
complications. 

(Ann Thorac Surg 1990;50:429-36) 


The purpose of this study was to analyze our clinical 
experience with the Medtronic-Hall valve prosthesis’ in 
patients followed up for 27 months to 8 years postopera- 
tively. 


Material and Methods 


During the period January 1981 to September 1986, 444 
Medtronic-Hall valve prostheses were implanted in 351 
patients operated on in our department. There were 283 
female and 68 male patients with a mean age of 45 + 10 
years (range, 9 to 64 years). 

Most of the patients were in New York Heart Associa- 
tion functional class I preoperatively. Atrial flutter or 
fibrillation was present in 50.7% (178 patients). One 
hundred one patients had previously undergone 112 
heart operations. In 21 of these patients, the operation 
had been carried out on an emergency basis. The cause 
was rheumatic in most instances, followed in order of 
frequency by degenerative conditions, calcification of bi- 
cuspid aortic valves, and prosthetic valve dysfunction. 
The main clinica] data are shown in Table 1. 

Follow-up was 97.7% complete and totaled 1,510.3 
patient-years. The cutoff date was December 1988, so that 
the minimum follow-up was 27 months and the maxi- 
mum, 8 years. 

Data were collected in most instances by direct exami- 
nation of the patients. When that was not possible, 
questionnaires and telephone contact, either with the 
patients themselves or with their cardiologists, were 
used. ; 

The statistical treatment was based on Statgraphics 
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Table 1. Preoperative Clinical Data 





‘ Variable No. of Patients* 
Age (y)? 45 + 10 
(9-64) 
Sex 
Female 283 (80%) 
Male 68 (20%) 
Atrial fibrillation 178 (50.7%) 
Previous valve procedure 101 
(112 operations) 
Emergency operation 21 
Cause 
Rheumatic 222 
Degenerative 51 
Bicuspid aortic valve 27 
Bacterial endocarditis 19 
Prosthetic dysfunction 
Biological 14 
Mechanical 8 
Ischemic 3 
Other 7 
NYHA functional! class 
I 15 (4%) 
I 60 (17%) 
Il 221 (63%) 
IV 55 (16%) 
* Data are shown as number of patients unless otherwise stated. > Da- 


tum is shown as the mean + the standard deviation with the range in 
parentheses. 


NYHA = New York Heart Association. 


(Statistical Graphics System) by Statistical Graphics Cor- 
poration, which performs actuarial analysis of the valve- 
related events. A p value of less than 0.05 was considered 
significant. 


Surgical Technique 


All surgical procedures were performed by the same 
surgical team with conventional cardiopulmonary bypass 
and a bubble oxygenator. In some instances when pro- 
longed cardiopulmonary bypass was anticipated, mem- 
brane oxygenators were employed. Operations were 
performed under moderate hypothermia (28°C). For myo- 
cardial protection, continuous topical hypothermia was 
used, and crystalloid cardioplegic solution was adminis- 
tered in repeated injections to the aortic root or through 
both coronary ostia when the nature of the operation 
necessitated the opening of the aorta. Myocardial temper- 
ature was monitored continuously to ensure adequate 
myocardial protection (10° to 15°C). The average time of 
aortic clamping was 54 + 20 minutes. 

The valves were fixed with interrupted mattress sutures 
(2-0 Ticron) reinforced with Teflon pledgets in the annu- 
lus. The opening of the prosthetic disc was generally 
oriented to the interventricular septum (anteriorly) in 
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mitral procedures and to the commissure of the noncoro- 
nary and right coronary cusps in aortic procedures. In 
every operation, the basic approach was to ensure free- 
dom of disc movement. 


Surgical Procedures 


In 117 patients, only the aortic valve was replaced. In 143 
patients, isolated mitral valve replacement was done. In 
83 patients, both the mitral valve and the aortic valve were 
replaced. On four occasions, the aortic, mitral, and tricus- 
pid valves were replaced. Two patients had isolated 
replacement of the tricuspid valve because of Ebstein’s 
disease (1 of these patients represented a complex case 
with pulmonary atresia and a right ventricle to pulmonary 
artery valved conduit). Two patients underwent mitral 
and tricuspid valve replacement. The sizes of the prose: 
ses used are shown in Table 2. 

Associated procedures were performed in 101 patients: 
mitral commissurotomy, 14 patients; mitral annuloplasty 
(Carpentier’s ring), 3; tricuspid annuloplasty (Carpen- 
tier’s ring), 64; tricuspid annuloplasty (De Vega), 5; coro- 
nary artery bypass grafting, 14; and aortic annulus en-. 
largement (Manouguian), 1 patient. 


Anticoagulant Regimen 

All patients began anticoagulant treatment with low doses 
of heparin calcium (2,500 U every 8 hours), administered 
subcutaneously 24 hours postoperatively once drainage 
had ceased. Forty-eight hours after operation and simul- 
taneously with removal of the chest tubes, anticoagula- 
tion with acenocoumarol (Sintrom) was initiated in daily 
doses of 3 mg without discontinuation of heparin. On the 
third postoperative day, the administration of heparin 
was interrupted if prothrombin activity was adequate 
(international nationalized ratio = 3 to 4.5 [1.5 to two 
times control]) [8]. Thereafter Coumadin (crystalline war- 
farin sodium) alone was used. Every pregnant patient was 
under the care of her own physician. l 


Definitions 
The definitions used were those of The Society of Thoracic 
Surgeons [9] and The American Association for Thoracic 


Surgery. 
Hospital Mortality: death occurring within the first 30 


days after operation or within any interval if the 
patient is not discharged from the hospital. 


Thromboembolism: any valve thrombosis or embolus 
except when associated with infection. Included in 


Table 2. Prosthetic Valve Sizes 

l Size (mm) 
Valve Replaced 21 23 25 27 29 31 
Aortic 30 61 54 46 13 ‘ 0 


Mitral 0 0 8 84 119 21 
Tricuspid 0 0 0 2 3 3 
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this category is any transient or permanent episode, 
global or focal, arising from a neurological deficiency. 
Excluded are patients who do not awake after oper- 
ation or who awake with a stroke or myocardial 
infarction. Only a myocardial infarction that occurs in 
a patient with known normal coronary arteries can be 
defined as a thromboembolic event. 


Anticoagulant-related hemorrhage: any episode of ex- 
ternal or internal bleeding that leads to death or 
hospitalization or that necessitates blood transfusion 
in patients receiving permanent anticoagulant treat- 
ment. 


Prosthetic valve endocarditis: any infection that affects 
the heart or a prosthesis and is confirmed by clinical 
criteria (blood cultures or anatomical and pathological 
findings). 


Hemolysis: classified into three degrees according to 
Volkmer and associates [10]: mild, moderate, and 
severe. Patients with paravalvar leaks were excluded. 


Results 


Hospital Mortality 


A total of 22 patients (6.2%) died in the hospital. The 
highest mortality rate was noted in the group having 
tricuspid valve replacement and the lowest, in the group 
who had isolated aortic valve replacement (Table 3). Also 
conspicuous was the low mortality rate in the group who 
underwent double-valve replacement of aortic and mitral 
valves in comparison with the group who had isolated 
mitral valve replacement. The only significant difference 
was the mortality rate for the isolated aortic valve replace- 
ment group versus that of the isolated mitral valve re- 
placement group (p < 0.0002). 

In most instances, death was due to low cardiac output 
syndrome or right ventricular failure (Table 4). On two 
occasions, rupture of the atrioventricular sulcus super- 
vened as a result of excessive resection of calcified mitral 
valves. In the eight noncardiac deaths, sepsis was the 
most frequent cause (4 patients, 2 of whom were operated 
on for paraprosthetic leaks). 

A logistic univariate study was used to determine 
which variables were related to intraoperative or postop- 


Table 3. Hospital Mortality 





Valve or Valves Replaced % 
Aartic 1.70 (2/117) 
Mitral 8.39 (12/143) 
Mitral + aortic 6.02 (5/83) 
Mitral + tricuspid 50 (1/2) 
Aortic + mitral + tricuspid 25 (1/4) 
Isolated tricuspid (Ebstein) 50 (1/2) 
Total hospital mortality 6.26 (22/351) 
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Table 4. Causes of Hospital Death 


No. of 


Cause Patients 


Cardiac related 
Low-output syndrome + arrhythmias 
Right ventricular failure 
Left ventricular failure 
Rupture of left ventricle 
Sudden death 
Neurological sequelae 
Noncardiac related 
Sepsis 
Postoperative hemorrhage 


Re NN > A 


Perioperative stroke 


m N ome e 


Anaphylactic shock 


erative death. Atrial fibrillation (p < 0.05), age greater 
than 40 years (p < 0.0025), a prolonged aortic cross-clamp 
time (longer than 60 minutes) (p < 0.0001), New York 
Heart Association functional class III or IV (p < 0.001), 
and moderate (40 to 60 mm Hg) to severe (greater than 60 
mm Hg) pulmonary artery pressure (p < 0.0002) signifi- 
cantly influenced mortality. 


Late Mortality 


There were 43 late deaths (13.0%), 27 (8.2%) of which 
were cardiac related. Chronic heart failure was the most 
frequent cause, and sudden death occurred five times. In 
1 patient, a low cardiac output syndrome developed 
suddenly, the cause of which could not be identified. In 1 
patient with endomyocardial fibrosis [11], progression of 
the disease was the cause of death. 

The overall survival rate according to the actuarial 
method was 77.2% + 2.8% after 8 years (Fig 1). The 
highest rate belonged to the group having isolated aortic 
valve replacement and the worst rate, to the group having 
mitral and aortic valve replacement (Fig 2). There were no 
significant differences. 


Patients Lost to Follow-up 


We lost track of 8 patients. Five were lost after discharge 
ftom the hospital. The other 3 were seen once for clinical 
checkups at 1 month, 12 months, and 17 months postop- 
eratively. At that time, their condition was good. 


Thromboembolism 


There were a total of 23 episodes of thromboembolism in 
21 patients (1.5%/patient-year). In the group of patients 
having isolated aortic valve replacement, the incidence 
was 0.72%/patient-year. In the group with isolated re- 
placement of the mitral valve, it was 1.5%/patient-year 
and in patients having both mitral and aortic valve re- 
placement, 2.86%/patient-year. There was a significant 
difference between the group having aortic valve replace- 
ment versus the group having double-valve replacement 
(p < 0.02). 
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Fig 1. Overall actuarial survival 
curve, including operative mortality, % 
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The actuarial method was employed to study patients 
in the thromboembolism-free group (Figs 3, 4), which 
comprised 90.9% + 2% of patients at 8 years. The annual 
linearized rate showed that the chance of sustaining a 
thromboembolic event was greater in the first 2 years. 
Subsequently, there were. two other periods of height- 
ened risk: one in the fifth postoperative year and the other 
in the seventh postoperative year, although there was not 
a significant difference. The highest incidence of throm- 
boembolism occurred in the patients having both aortic 
and mitral valve replacement. 

The only prosthetic valve thrombosis occurred in a 
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patient during the eighth month of pregnancy. She was 
admitted on an emergency basis with acute pulmonary 
edema, inaudible prosthetic valve sounds, and immobili- 
zation of the prosthetic disc, which was confirmed by 
roentgenography. A cesarean section was performed, 
followed by a hysterectomy and thrombectomy of the 
prosthesis. Both mother and child had a satisfactory 
course thereafter [12]. 


Anticoagulant-Related Hemorrhage 
There were six instances of major hemorrhage related to 
anticoagulant treatment. In 3 patients, the hemorrhage 
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was fatal (two cerebral hemorrhages and one gastrointes- 
tinal hemorrhage). Another patient had to undergo gas- 
tric resection. The linearized rate was 0.39%/patient-year. 


Endocarditis 


There were 19 instances of endocarditis, a linearized 
incidence of 1.25%/patient-year. Figure 5 shows the actu- 
arial curve of patients free from endocarditis, 93.11% + 
1.7% at 8 years postoperatively. The annual linearized 
rate indicated that the risk remained the same throughout 
follow-up. 

The organisms involved were Staphylococcus epidermidis 
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(8 patients), Staphylococcus aureus (3), Candida albicans (1 
patient), and Streptococcus viridans (1); blood cultures were 
negative in 6 patients. Thirteen patients underwent reop- 
eration (re-replacement of the prosthesis). Three of them 
had to undergo another reoperation. Mortality due to 
endocarditis was 36.8% (7/19 patients). 


Hemolysis 

Hemolysis was found in 8 patients. In 2, the cause was 
not mechanical. In the other patients, the cause was 
prosthetic, either intrinsic or due to dehiscence that had 


Fig 4. Actuarial curves of freedom 
from thromboembolic episodes for 
three groups. (A.V.R. = aortic valve 











replacement; A + M.V.R. = aortic 
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Fig 5. Actuarial curve of freedom 
from endocarditis and linearized 
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escaped clinical detection. The linearized incidence was 
0.52%/patient-year. 


Dehiscence 


Five patients were found to have periprosthetic dehis- 
cence due to noninfectious causes, although 1 of the 
patients had had a fever but negative blood cultures in the 
initial postoperative period. In another, a continuous 
suture was used instead of the interrupted suture tech- 
nique usually employed by our team. We subsequently 
reoperated on this patient. Two patients had dehiscence 
several months after discharge from the hospital, the 
dehiscences probably due to the poor quality of the 
annular tissue after three previous valve replacements. 
The remaining patient will shortly undergo reoperation. 
The linearized incidence was 0.33%/patient-year. 


Pregnancy 

Seven patients became pregnant and delivered without 
teratogenic or hemorrhagic complication. One patient 
required a cesarean section. One patient had three normal 
pregnancies and deliveries after operation. One patient 
had thrombosis of the prosthesis because of poor man- 
agement of anticoagulant treatment during pregnancy, as 
already described. A postpartum sepsis developed in 
another patient and necessitated replacement of the mitral 
and aortic prostheses. Her subsequent progress was sat- 
isfactory. 


Reoperations 

Twenty-three reoperations have been necessary. No re- 
operation was performed because of intrinsic failure of the 
prosthesis. The most frequent reason for reoperation has 
been endocarditis (17 reoperations). Noninfection-related 
prosthetic dehiscence led to four reoperations. One reop- 
eration was due to thrombosis of the prosthesis and 
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another, repeated thromboembolic episodes. The 23 reop- 
erations represent a linearized incidence of 1.5%/patient- 
year. 


Comment 


Replacement of heart valves is, at present, a very well 
established treatment, though we are still far from finding 
the ideal valve prosthesis. Hence, different types of valve 
prostheses appear periodically on the market, and the 
possibility of an improved performance prompts surgeons 
to try them in their patients. 

In our department, we began to use the Medtronic-Hall 
pyrolytic carbon pivoting-disc prosthesis because we were 
intrigued by the new design of its mechanism, which we 
thought might produce better results than we had ob- 
tained to date [7]. The large angle of aperture and the 
ample area of the minor orifice led us to assume that this 
prosthesis would give a better hemodynamic perfor- 
mance. We have had occasion to recatheterize some of our 
patients and were able to verify the fine hemodynamic 
characteristics of the prosthesis, findings in agreement 
with those in other reports [13-15]. We have obtained 
good results with good exercise performance in those 
patients in whom a small valve was used (21 mm for the 
aortic and 25 mm for the mitral position). 

The fact that the prosthesis has an almost central flow 
caused us to believe that the incidence of thromboembo- 
lism would be reduced. In this series, that incidence has 
indeed been low and comparable with the best results 
reported [16-21]. A higher thromboembolic incidence 
with this prosthesis has been described [2], but it was in a 
third-world population in whom an adequate anticoagu- 
lant regimen was not carried out. 

Thrombosis of the prosthesis occurred only once. It 
happened during the eighth month of pregnancy in a 
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patient who had not received proper anticoagulant treat- 
ment. After thrombectomy, the patient progressed quite 
satisfactorily and returned to functional class I and a 
conventional anticoagulant regimen. We have had several 
experiences with other types of mechanical prostheses in 
which thrombectomy has been effective, as reflected in 
the literature [22, 23]. 

The threat of hemorrhage has always cast a shadow 
over valve replacement with mechanical prostheses. This 
is an area where bioprostheses have a clear advantage. In 
our practice, we use bioprostheses in older patients and in 
patients who live in rural areas where adequate supervi- 
sion of anticoagulant treatment is not available. 

On several occasions we have had young female pa- 
tients who wanted to have children; in these patients we 
used porcine biological prostheses. We also have used the 
bioprosthesis in patients who specifically requested it. 
We normally use Bjérk-Shiley, St. Jude Medical, and 
Medtronic-Hall mechanical prostheses in treating the rest 
of our patients. 

We have seen no instance of intrinsic dysfunction of the 
prosthesis. In most cases, reoperation has been related to 
the presence of endocarditis. In 1 patient, prosthetic 
dehiscence was due to the use of continuous suture on a 
calcified annulus. 

Malfunction of the prosthetic disc has occurred intraop- 
eratively on four occasions. Three times this was due to 
unraveled sutures that produced disc impingement. In 
the remaining instance, the cause of disc blockage was an 
excessively long chorda tendinea. All four malfunctions 
were detected because an elevated left atrial pressure was 
noted while the patient was on cardiopulmonary bypass. 
The situation was corrected with no further problems. . 

In one instance, it was discovered in the intensive care 
unit that the prosthetic disc opened once every two heart 
beats. This was verified by monitoring the electrocardio- 
gram and arterial pressure. The patient underwent reop- 
eration at which it was confirmed that the valve was too 
large and the wall of the left ventricle hindered disc 
movement. Similar cases of dysfunction with various 
types of prosthetic disc valves have been described in the 
literature. This complication has sometimes caused death 
[24]. We think it is of paramount importance to check the 
pressure in the left atrium to detect this complication and 
rectify the situation while the chest is still open. 

The only patient who died suddenly in the hospital 
underwent postmortem examination. It was confirmed 
that death was not due to any prosthesis-related problem. 

During follow-up, 7 patients became pregnant. We 
found that anticoagulation was not properly controlled 
during this period. One of these patients sustained the 
only prosthetic thrombotic event in the series. In another 
patient, endocarditis made replacement of the aortic and 
mitral valve prostheses necessary. 

No teratogenesis resulting from the use of anticoagu- 
lants was recorded in this series. Hemodynamic perfor- 
mance during pregnancy and delivery was good in all 
patients. Althcugh complications arose in only 2 patients 
in our series, the experiences of other authors [25-27] 
demonstrate that pregnancy can be considered a genuine 
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complication in patients with mechanical prostheses and 
receiving anticoagulant treatment for an indefinite period. 

We found that on admission to the hospital, pregnant 
women were usually poorly anticoagulated. At present, 
our program for anticoagulation of female patients is as 
follows: First, we advise strongly against pregnancy. 
Second, in the case of a confirmed pregnancy, a strict 
anticoagulant regimen is established. During the first 
trimester, Coumadin is discontinued (because of the ter- 
atogenic effect), and the patient is put on a regimen of 
heparin sodium or heparin calcium. During the second 
trimester, Coumadin is begun again because no terato- 
genic effect has been described in this period. In the last 2 
or 3 months, the patient returns to heparin anticoagula- 
tion, because the main risk is anticoagulation of the fetus, 
which could experience severe hemorrhagic complica- 
tions during delivery. Because heparin does not cross the 
placental barrier, this risk is avoided. 

Although rheumatic fever is declining in Spain, we are 
probably now operating on the “last” patients with rheu- 
matic valve disease. Perhaps that is why the surgical risk 
is higher than before. In general, they are patients in 
whom the disease process has been long and in whom we 
often find severe pulmonary vascular disease, atrial fibril- 
lation, and more than one affected valve. Usually they are 
more than 40 years old, are in functional class II or IV, 
and have had one or more previous operations. 

Endocarditis is a severe complication after valve re- 
placement and requires aggressive treatment. The inci- 
dence of endocarditis in our series is 5.4% (19/351), and 
the majority (47%) of cases were found early in the 
postoperative period. Six patients did not have reopera- 
tion. In 2, this was because good results were obtained 
with antibiotic therapy; 1 patient refused reoperation, and 
the other 3 patients were terminally ill at admission and 
operation was not considered. Thirteen patients did un- 
dergo reoperation, and 3 required a second reoperation. 
We have not had any deaths in the immediate postoper- 
ative period of the first reoperation. 

In our opinion, mechanical valves are a great advance in 
valve replacement therapy. Though not yet perfect, they 
provide satisfactory results. In our experience and that of 
others [2, 13-15, 28, 29, 30], the Medtronic-Hall valve has 
proved to be a reliable prosthesis. No structural failures 
have occurred with these devices. Their durability and 
wide occluder movement favor fine hemodynamic per- 
formance, and, at the same time, they have one of the 
lowest thromboembolic rates described in the literature. 
Mild hemolysis was found in almost all patients but was 
well tolerated. For all these reasons, we consider the 
Medtronic-Hall valve a prosthesis of choice. 





We are grateful to Dr Pifarré for his help in reviewing this paper. 
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To evaluate the use of portable cardiopulmonary bypass 
as a resuscitative tool and its impact on long-term sur- 
vival of patients in cardiac arrest, we reviewed the results 
of 32 consecutive patients resuscitated by cardiopulmo- 
nary bypass for cardiac arrest or severe hemodynamic 
compromise at Northwestern Memorial Hospital over a 
2-year period. Overall survival was 12.5%. Only 1 (3.4%) 
of the 29 patients who had cardiac arrest survived and 
left the hospital. All 3 patients who had severe hemody- 
namic compromise but not cardiac arrest were long-term 


WwW the advent of large-bore, thin-walled cannulas 
and portable heart-lung support machines, cardio- 
pulmonary bypass (CPB) can now be instituted quickly 
and efficiently in virtually any hospital setting. Portable 
CPB is a simple and effective system for controlling a 
patient's circulatory and respiratory functions on an emer- 
gency basis until physicians have time to evaluate the 
cause of the patient’s hemodynamic collapse and to initi- 
ate further treatment. 

The commercially available cardiopulmonary support 
(CPS) systems are portable units composed of a centrifu- 
gal pump, an oxygenator, heater, pump tubing, and 
venous and arterial cannulas. Because this new technol- 
ogy is portable and easy to apply, cardiothoracic surgeons 
have renewed their interest in the use of CPB as an 
emergency resuscitative tool for patients in cardiac arrest. 
Although this therapy can provide excellent cardiopulmo- 
nary resuscitation and support for a variety of patients, 
previous studies have not clearly shown it to be of benefit 
to cardiac arrest patients [1-5]. 

To evaluate the impact of portable CPB on the long- 
term survival of patients with cardiac arrest, we studied 
the results in a series of 32 consecutive patients who had 
cardiac arrest or severe hemodynamic compromise and 
were resuscitated by emergency CPB at Northwestern 
University Medical Center from March 1987 through 
February 1989. Two thirds of the patients subsequently 
underwent aggressive diagnostic and therapeutic inter- 
ventions directed at correcting the cause of the cardiac 
arrest. Our findings form the basis of this report. 
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survivors. Our study suggests that portable cardiopulmo- 
nary support systems used as a resuscitative tool do not 
prolong the survival of most cardiac arrest patients but 
may be useful for patients with shock due to mechanical 
causes and for those with profound hemodynamic com- 
promise due to ischemia or myocardial infarction. Porta- 
ble heart-lung machines can provide patients with excel- 
lent hemodynamic support; however, neurological or 
cardiac recovery is unlikely once cardiac arrest occurs. 
(Ann Thorac Surg 1990;50:437-41) 


Material and Methods 


We began using the Bard CPS system (Bard Cardiosur- 
gery Division, C.R. Bard, Billerica, MA) at Northwestern 
Memorial Hospital in March 1987. Over a 2-year period 
from March 1987 through February 1989, 32 patients were 
placed on CPB within a mean time of 9.5 minutes after 
telephone request for this procedure. Either a nurse 
trained in CPB or, on occasion, a registered perfusionist 
assembled, deaired, and primed the system with crystal- 
loid solution. Through a right groin cutdown, an experi- 
enced cardiovascular surgeon injected sodium heparin 
into the femoral veins of these patients and inserted 
thin-walled, 20F Teflon cannulas into the femoral arteries 
and veins without gaining proximal or distal control of 
either vessel (Fig 1). With use of a modified Seldinger 
technique [6], guidewires and cannulas were inserted as 
soon as the common femoral artery and vein were iden- 
tified. When cannulation was complete, the surgeon 
connected the appropriate bypass pump tubing. Once the 
bypass’ equipment was connected to the patient, pump 
flow was maximized by adjusting the venous cannula 
(which is longer than the arterial cannula and extends to 
the right atrium) and by infusing volume. We then 
decreased ventilation to one breath every 15 to 20 sec- 
onds, discontinued cardiopulmonary resuscitation, and 
defibrillated patients when necessary. Radial or femoral 
arterial lines were used for monitoring blood pressure in 
all patients. Swan-Ganz catheters were used for hemody- 
namic monitoring only in those patients who underwent 
additional procedures (Table 1). When central venous 
access was obtained in these patients, we decreased the 
bypass flow momentarily to prevent air from being 
sucked into the system. Left ventricular venting was not 
used, 

Thirty-six requests for CPB for cardiac arrest patients 
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Fig 1. (A) An experienced cardiovascular surgeon performs a right groin cut-down followed by systemic heparinization, 18-gauge femoral veni- 
puncture, and 18-gauge femoral arterial puncture. Guidewires are inserted (0.038, 150 cm). (B) A 20F, 65-cm, thin-walled Teflon cannula is ad- 
vanced and adjusted with endholes in right atrium. 


were made in the 2-year period. Three of the requests 
were denied by the attending cardiothoracic surgeon. 
Among the remaining 33 patients, severe bilateral iliofem- 
oral occlusive disease precluded cannulation in 1 patient 
and difficulties encountered in the use of the cannulas 
early in the series led to three other failures in instituting 
the bypass system. The manufacturer provided improved 
cannulas and guidewires in June 1987, however, and we 
had no subsequent cannulation difficulties. Ultimately, 
we were successful in connecting the CPS bypass system 
to 29 cardiac arrest patients. — 

Nineteen of these 29 patients (59.0%) had cardiac arrest 
due to cardiogenic shock caused by ongoing myocardial 
infarction. In the remaining 10, cardiac arrest was due to 
a variety of other causes: hypothermia in 2 patients, 
pulmonary embolus in 2, and amniotic fluid embolus, 


aortic dissection, hyperkalemia, sepsis, ventricular tachy- 
cardia, and unexplained cardiovascular collapse in 1 each 
(Table 2). The cardiac arrest episodes occurred in an 
intensive care unit in 9 patients, outside the hospital in 6, 
in the emergency room in 6, and in an operating room in 
5; one episode each occurred in the catheterization labo- 
ratory, the radiology suite, and the hospital ward room. 
In contrast, 5 additional patients were in profound 
shock and were placed on bypass using the 20F cannula 
with conventional bypass equipment. Two of these pa- 
tients had cardiac arrest, but the other 3 did not. Of the 2 
patients who were undergoing radiopulmonary resuscita- 
tion, 1 had a reperfusion injury that occurred 15 minutes 
after a coronary bypass procedure was completed, and 
the other had a massive myocardial infarction that oc- 
curred during a thoracotomy and lobectomy for cancer. 
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These 5 patients were treated with a CPB system consist- 
ing of thin-walled cannulas and a standard roller-pump 
bypass circuit with gravity drainage. This alternative 
method was used because 3 of the patients experienced 
hemodynamic collapse in or near the cardiac surgical suite 
and the other 2 had right ventricular lacerations that 
precluded the use of centrifugal pumping. 


Results 


Cardiopulmonary bypass was used as an emergency 
resuscitative procedure in 29 patients with cardiac arrest 
and in another 3 patients in profound shock. For cardiac 
arrest patients, CPB was instituted in 10 of the 29 patients 
within 15 minutes of cardiac arrest, in a range of 15 to 30 
minutes in another 9 patients, and in 30 minutes or more 
after cardiac arrest in the remaining 10 patients. Once the 
telephone request for CPB was made, a mean time of 9.5 
minutes was required for the support team to place these 
patients on bypass (range, 5 to 35 minutes). The mean 
blood flow achieved on the CPS system was 4.2 L (range, 
3.0 to 5.2 L). Patients were maintained on CPS for a mean 
duration of 2 hours 10 minutes (range, 12 minutes to 6.5 
hours). Portable CPB provided good hemodynamic sup- 
port in all but 1 patient (who had undergone an aortic 
dissection and was placed inappropriately on the bypass 
system). In all patients, either ventricular fibrillation 
spontaneously converted to a more stable rhythm shortly 
after initiation of CPB (sinus, junctional, or idioventricu- 
lar) or such a rhythm was easily generated with one or 
two electrical countershocks. 

Nineteen of the 29 cardiac patients (65%) underwent 
subsequent diagnostic or therapeutic procedures, all of 
which we performed while the patients were on CPB. 
Seven patients underwent cardiac catheterization, 2 of 
whom had percutaneous transluminal coronary angio- 


Table 1. Diagnostic and Therapeutic Interventions During 
Cardiopulmonary Bypass“ 


No. of 


Intervention Patients 





None 

Cardiac catheterization 
CABG 

IAB 

Pulmonary artery exploration 
Centrifugal VAD 
Valve replacement 
PTCA 

Rewarming 

Pneumatic VAD 
Dialysis 

Endocardial resection 


roy 
© 
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a Most patients had more than one intervention. 


CABG = coronary artery bypass grafting; IAB = intraaortic balloon; 
PTCA = percutaneous transluminal coronary angioplasty; VAD = 
ventricular assist device. 
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Table 2. Cause of Cardiac Arrest 


No. of 
Cause Patients 


m 
Neo} 


Cardiogenic shock 

Hypothermia 

Pulmonary embolus 

Amniotic fluid embolus 

Aortic dissection 

Hyperkalemia 

Unexplained cardiovascular collapse 
Sepsis 


H ennenen NN 


Ventricular tachycardia 





plasty while on bypass. Cardiac surgical procedures in- 
cluded coronary artery bypass grafting in 6 patients, valve 
replacement in 2, endocardial resection in 1, and pulmo- 
nary artery exploration in 4. Intraaortic balloon counter- 
pulsation was instituted in 5 of the patients. One patient 
had a centrifugal left ventricular assist device placed after 
coronary artery bypass grafting and 1 had both a centrif- 
ugal right ventricular assist device and a pneumatic left 
ventricular assist device. The 2 patients who were hypo- 
thermic were rewarmed on CPB, and 1 patient with 
hyperkalemia had dialysis through the arterial and 
venous bypass lines (Table 1). For patients who required 
a cardiac operation, full hemodynamic monitoring was 
instituted and bypass support was converted to right 
atrial and aortic cannulation with gravity drainage or:ce 
the patient’s chest was opened. The remaining 10 patients 
were determined to be clinically brain dead, and no 
further measures were taken. 

Before initiation of the subsequent procedures, patients 
had additional invasive monitoring, including Swan-Ganz 
catheter and arterial line placement. Weaning from por- 
table CPB necessitated accurate measurement of pulmo- 
nary capillary wedge pressure, central venous pressure, 
and arterial pressure. Weaning was accomplished by 
decreasing pump flow gradually with concomitant hemo- 
dynamic observation and measurement of thermodilution 
cardiac outputs. Patients with adequate hemodynamics at 
flows.of 1 to 1.5 L were then removed from portable CPB. 
Twenty-two of the 29 cardiac arrest patients could not be 
removed from CPB despite the aggressive measures 
shown in Table 1. Only 1 of the 7 patients who were 
successfully weaned from bypass (a young woman with 
unexplained cardiovascular collapse during a gynecolog- 
ical procedure) survived cardiac arrest and was able to 
leave the hospital. Thus, the long-term survival rate 
among this group of 27 cardiac arrest patients was a mere 
3.7%. 

Among the 6 short-term (less than a week) survivors of 
cardiac arrest, 1 patient remained neurologically intact but 
died of a cardiac arrhythmia 72 hours after being removed 
from CPB, 2 showed signs of neurological improvement 
but died of low cardiac output, 1 was believed to be brain 
dead and subsequently died of ventilatory failure, and 1 
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died of hemorrhagic shock from retroperitoneal hemor- 
rhage due to a cannula complication that occurred shortly 
after successful pulmonary embolectomy. The last pa- 
tient, a young woman with a global reperfusion injury 15 
minutes after coronary artery bypass grafting, was placed 
back on bypass to facilitate placement of a pneumatic left 
ventricular assist device and centrifugal right ventricular 
assist device. Even though this patient was neurologically 
intact and showed signs of substantial recovery of cardiac 
function, she died 5 days later of low cardiac output and 
multiorgan system failure shortly after the ventricular 
assist devices were removed. Her family had denied a 
request to place her back on circulatory support. 

All 5 patients treated with CPS cannulas and conven- 
tional bypass equipment had good hemodynamic sup- 
port, with a mean pump flow of 3.5 L. Two of these 
patients were placed on bypass because they had sus- 
tained right ventricular lacerations while undergoing peri- 
cardiectomy. As soon as we placed the venous cannulas 
in these patients, massive volume infusion was possible 
and we were able to complete the pericardiectomy with 
the patient on CPB. Both patients survived and left the 
hospital in good condition. The other 3 patients had 
hemodynamic collapse in or immediately adjacent to the 
operating room where conventional bypass equipment 
was more readily available than the CPS system.’ 

In the entire series of 32 patients who were resuscitated 
by portable CPB over a 2-year period, only 1 of the 29 
patients who had cardiac arrest survived (3.4%), whereas 
all 3 patients who underwent emergency CPB and did not 
suffer cardiac arrest survived (100%). 


Comment 


Portable CPB is a powerful resuscitative tool that can be 
used on an emergency basis almost anywhere in a hospi- 
tal by an experienced surgical team. Currently available 
systems are safe and easy to assemble. The femoral 
arteriotomy created by the cannula can easily be closed 
primarily. Major vascular complications are slight; in our 
experience, only 1 patient had a major vascular complica- 
tion (retroperitoneal hemorrhage from a cannula perfora- 
tion) and it is not certain whether the cannula or the 
insertion technique actually caused the complication. 

Because the mortality rates of cardiogenic shock and 
cardiac arrest are so high [7-11], we were very aggressive 
in our early application of this new technology. We 
considered all patients with witnessed cardiac arrest who 
had received cardiopulmonary resuscitation immediately 
to be candidates for continued resuscitation with CPB. 
Decisions concerning further diagnosis and treatment 
could then be made in a controlled setting. 

We were able to provide this service in our hospital on 
a 24-hour basis. When the team was consulted, prepara- 
tions for CPB were started even while the history was 
being obtained. Although 23 of the 29 patients had cardiac 
arrest in the hospital and even though CPB was instituted 
on the average less than 10 minutes after the request for it 
was made, only 1 patient with cardiac arrest survived 
more than 1 week. On the other hand, as expected, CPB 
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proved an extremely efficacious method of resuscitating 
patients who had profound hemodynamic compromise 
but did not actually suffer a cardiac arrest. All 3 such 
patients in this series, including 1 with a massive myo- 
cardial infarction, survived, left the hospital, and are well 
more than 6 months after discharge. 

An obvious question that arises from this experience 
and one that poses an ethical dilemma is whether these 
patients had too much or too little resuscitation. Cardio- 
pulmonary bypass cannot be continued indefinitely, and 
current FDA regulations allow use of the CPS equipment 
for a maximum of 6 hours. Should we, as physicians, 
continue to support the cardiovascular systems of patients 
with possible brain death when this would involve major 
surgical procedures and expensive ventricular assist de- 
vices? Will the brains of these patients recover even when 
they have had absolutely no return of brainstem reflexes 
after 2 to 4 hours of excellent hemodynamic support? 
Because we do not know the answers to these questions, 
and because patient consent for CPB was implied in the 
first place, we could not recommend further diagnostic or 
therapeutic measures to the families of 10 of our patients 
who appeared to have both cardiac and brain death. 
These patients were slowly separated from the bypass 
circuit, had no evidence of cardiac ejection, and died. 

It is entirely possible that both cardiac and neurological 


-activity might resume in these patients if they were 


supported for a longer period of time. For example, 
venting the left ventricle may facilitate cardiac recovery; 
although we did not note progressive ventricular disten- 
tion in our patients, 2 of them who had left main coronary 
occlusions and who underwent cardiac catheterization 
had no evidence of cardiac mechanical activity despite the 
presence of spontaneous cardiac rhythms. This angio- 
graphic correlate of electromechanical dissociation was 
improved in 1 patient by left main coronary angioplasty, 
but the patient never had cardiac ejection sufficient to 
sustain life. Twelve hours later, the patient had diffuse 
hemorrhage from prolonged CPB and no neurological 
function and died. This patient is a typical example of the 
problems involved with resuscitating the cardiovascular 
system but not the patient. Ideally, a multicenter trial of 
resuscitation with CPB will be undertaken, and patients 
such as this one will be randomized to various treatment 
arms after informed consent is obtained from the family. 

In the meantime, we currently use CPB as a resusci- 
tative tool in patients with a mechanical cause for shock 
(such as ventricular injury during repeat sternotomy) and 
for patients who are profoundly ischemic but who have 
not yet had a cardiac arrest. Patients who have an out-of- 
hospital arrest are no longer routinely considered, nor are 
those who have cardiac arrest in the hospital but who had 
cardiopulmonary resuscitation for more than 30 minutes. 

The thin-walled cannulas themselves can be extremely 
useful, and good bypass flows can be achieved even with 
gravity drainage. For this reason, we now place angio- 
catheters in both the femoral artery and vein of all our 
patients undergoing redo cardiac operations. The CPS 
cannulas are in the room, the pump is primed, and the 
perfusionist is present. Surgical exposure of the femoral 
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vessels is therefore unnecessary for rapid institution of 
femoral bypass. 

As with most new technologies, the exact role of 
portable CPB systems will take some time to clarify. We 
are not discouraged by our early results, however, be- 
cause 4 of the 32 patients who would have died without 
this intervention did survive (including one young 
woman with a cardiac arrest). In the future, we will try to 
apply this technology earlier in the course of treatment. 
We also hope to be part of a multicenter trial organized to 
define not onlv patient selection but also the degree and 
length of cardiac resuscitation that should be used in 
cardiac arrest patients. 
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Pericardial Window: Mechanisms of Efficacy 
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Although the term implies a persistent communication 
through which fluid might drain, how a pericardial 
window works is not clear. We believe that the mecha- 
nism of success is not a window but rather fusion of the 
epicardium to the pericardium with obliteration of the 
potential space. To evaluate this, we studied 28 patients, 
all of whom underwent a subxiphoid pericardial window 
procedure with tube drainage maintained until output 
was minimal. There were no operative deaths, and 26 
patients (92.9%) obtained permanent relief. Postopera- 
tive echocardiograms demonstrated thickening of the 
pericardium/epicardium and obliteration of the pericar- 


Ithough operations for effusive pericardial disease 
have been performed since the original description 
of a subxiphoid pericardiotomy by Baron Larrey in 1829 
[1], controversy persists regarding the optimum surgical 
approach [2-5]. Pericardial window is one frequently 
performed operation, but some surgeons have been so 
disappointed with their results that they have abandoned 
the operation in favor of total pericardiectomy [4, 5]. 
Other experiences with pericardial window have been 
much more satisfactory [6-11]. Because a window can be 
created by several approaches, this discrepancy in results 
suggests that not all techniques achieve equivalent out- 
comes. The concept of a pericardial window for effusive 
disease implies a free and persistent communication be- 
tween the pericardium and either the pleural cavity or the 
subcutaneous tissues into which fluid drains or is ab- 
sorbed. However, it is unlikely that a true window can 
remain and accomplish this goal. We postulated that the 
key to therapy was fusion of the epicardium and pericar- 
dium to obliterate any potential space and that an impor- 
tant aspect in managing patients toward that end is 
adequate and continued tube decompression. To examine 
this theory, we reviewed the clinical course of patients 
who had undergone a subxiphoid pericardial window 
procedure. 


Material and Methods 


Twenty-eight patients who had a subxiphoid pericardial 
window performed by us were included in this study. The 
patients ranged in age from 25 to 65 years; 19 were women 
and 9 were men. The underlying diagnosis was carcinoma 
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dial space. Autopsy performed on 4 patients who died of 
their underlying malignancy confirmed this fusion, 
which begins as an inflammatory process. A subxiphoid 
pericardial window relieves effusions with a low opera- 
tive mortality and good long-term success (92.9%, 26 of 
28). This success is dependent on the inflammatory 
fusion of the epicardium to pericardium and not main- 
tenance of a window. Tube decompression should be 
maintained until fluid output is minimal to allow appo- 
sition and fusion of the two surfaces. 


(Ann Thorac Surg 1990;50:442-5) 


in 24 patients and renal failure in 4. Twenty-six of the 28 
patients had symptomatic pericardial effusions with vary- 
ing degrees of tamponade. The other 2 patients, both with 
carcinoma, were operated on for diagnosis and drainage 
of large effusions but had no symptoms directly related to 
the presence of fluid. 

Each patient underwent the pericardial window by the 
subxiphoid route under general anesthesia as previously 
described [10]. A short vertical incision was made overly- 
ing the xiphoid process, through the uppermost aspect of 
the linea alba. A 3 X 3-cm swath of pericardium was 
excised, and all fluid was drained. Careful digital, visual 
and, occasionally, endoscopic examination of the pericar- 
dium was performed, and all adhesions were lysed. 
Argyle drainage tubes, placed anterior and posterior to 
the heart, were maintained on suction by waterseal drain- 
age systems until drainage was less than 50 mL in 24 
hours; this usually occurred within 3 to 5 days after 
operation. The fluid obtained was analyzed cytologically, 
chemically, and bacteriologically, and the excised pericar- 
dium was submitted for gross and microscopic examina- 
tion. 

Preoperative and postoperative echocardiograms, both 
two-dimensional and M-mode, were obtained in all pa- 
tients (Hewlett Packard 77020A Ultrasound System, 2.25- 
MHz transducer). Preoperative studies were obtained 
within a week of operation. At least one postoperative 
examination was obtained in all patients between 1 and 2 
months after operation; some had multiple examinations. 

Autopsies were performed on 4 patients who died 
between 6 weeks and 8 months after operation. All these 
patients had carcinoma as their primary diagnosis. The 
heart and pericardial cavity were examined completely, 
and both gross and histological appearances were de- 
fined. 
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Fig 1. (A) Preoperative two-dimensional echocardiogram shows a large posterior pericardial effusion (EFF). (B) Postoperative two-dimensional 
echocardiogram shows fluid removal, obliteration of the pericardial space, and a thickened, fused pericardium to epicardium. (LV = left ventricle; 


RV = right ventricle.) 


Results 


Preoperative echocardiograms demonstrated the presence 
of a moderate to large pericardial effusion in all patients, 
with impairment of right ventricular filling identified in 
some (Fig 1A). At operation, the amount of fluid removed 
in the 24 cancer patients averaged 433 mL; in the 4 uremic 
patients, it averaged 878 mL. There were no operative 
deaths. All patients with malignancy eventually died of 
their underlying disease, with an average survival of 120 
days (range, 38 to 331 days). All patients with uremic 
effusions were alive at the end of the study. Overall, 26 of 
28 patients remained free of recurrent effusions (92.9%). 
Two cancer patients (7.1%) had recurrent pericardial 
tamponade due to hemorrhage at 6 and 9 weeks after 
operation. Reoperation by the subxiphoid approach was 
successfully performed in 1 of these patients; the other 
patients died of the hemorrhage. 

The postoperative echocardiograms demonstrated at 
most a minimal amount of fluid in the pericardium and a 
thickened, fused epicardium/pericardium in all patients 
(Fig 1B). Similarly, the autopsy findings showed no free 
pericardial fluid. The pericardium was diffusely adherent 
to the epicardium, with fibrinous adhesions and oblitera- 
tion of the pericardial space by a reactive pericarditis (Fig 
2). The window itself was filled with fibrinous debris, and 
the mesothelial surfaces had not reapproximated. The 
histological appearance showed fusion of the epicardium 
and pericardium into a single tissue plane (Figs 3-5). 





Fig 2. Postmortem examination in a patient who had undergone peri- 
cardial window 8 months earlier. Cut section through left ventricle 
shows fusion of pericardium (forceps) to epicardium. 
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Fig 3. Normal histological preparation 
shows the pericardium, potential pericar- 
dial space, and epicardium with a medi- 
um-sized coronary artery. 





` Pericardium 


Comment tion between the pericardium and left pleural space in 

which the pericardium was actually stitched to the lung to 
The term window, in reference to pericardial disease, was ensure permanent drainage. The inferior, left subcostal, 
first used by Williams and Soutter [12] in their description or subxiphoid approach to the pericardium was originally 
of an anterior thoracotomy for creation of a communica- described by the Napoleonic surgeon Baron Larrey in 1829 





Fig 4. Early postmortem examination (6 weeks) shows a reactive peri- Fig 5. Late postmortem examination (8 months) shows the fibrous 
carditis. The pericardial space is filled with an inflammatory exudate. stroma tmt fuses pericardium to epicardium. 
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[1] and subsequently was used by Ogle and‘Allingham in 
1900 [13]. Not until 1970, however, did Fontanelle and 
colleagues [14] apply the term window to the subxiphoid 
approach. 

The acute safety and efficacy of pericardial windows in 

the setting of cardiac tamponade is well documented [11, 
15]. The long-term benefits of a window procedure have 
been questioned, however [2-4]. Our enthusiasm for the 
subxiphoid pericardial window is based on experience 
demonstrating that the procedure can be performed safely 
and that it provides definitive diagnostic and therapeutic 
results for all forms of effusive disease [10]. It has the 
advantage of being a short and relatively small-scale 
operation that can be performed using only local anesthetic 
if necessary. This must be taken into serious consideration 
because these patients often have a fatal malignancy as their 
primary problem and a limited life expectancy [16, 17]. 
- Our data suggest that therapeutic efficacy of windows 
depends on two major factors. First, it is important to 
achieve initial complete drainage of the pericardial fluid. 
An equally crucial factor for long-term success, however, 
is continued pericardial drainage until fibrinous adhe- 
sions between the epicardium and the pericardium can 
begin. This process results from the inflammatory re- 
sponse to either trauma, the operation, or the underlying 
pathological process. This eventually leads to obliteration 
of the pericardial space by fibrinous adhesions such as 
those that are routinely found after open heart operations. 
Postoperative echocardiograms and autopsy material 
show that success results from establishing this fusion. 
Continued decompression of the pericardial space must 
be maintained until adherence of the epicardium and 
pericardium begins, as signaled by minimal drainage 
through the tubes. At this time, which is rarely more than 
a few days after operation, the tubes can be removed. 
Instillation of sclerosing agents is not necessary. When 
this technique is used, results are comparable with those 
obtained with a total pericardiectomy, a considerably 
more extensive operation. 

Although none of our patients with carcinoma survived 
to 1 year, each dying of the primary disease process, only 
two effusions recurred and all patients obtained symptom- 
atic relief. No recurrent effusion or constrictive pericardi- 
tis has developed in any patient with benign disease. We 
believe that the subxiphoid approach with pericardiotomy 
and tube drainage to effect fusion is the surgical approach 
of choice, although select patients may require or benefit 
from total pericardiectomy. Surgeons performing opera- 
tions for patients with effusive disease must have as their 
goal either fusion of the parietal and visceral pericardium 
or resection of the entire pericardium. A simple window 
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will close and does not represent effective therapy for this 
disorder. 





We acknowledge JoAnn Bauer for help in manuscript prepara- 
tion. 
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Between January 1970 and January 1990, 101 patients 
with paraesophageal hiatus hernias were operated on at 
the Lahey Clinic Medical Center. Thirteen patients had 
hernias that were identified as being iatrogenic in origin, 
a prevalence of 13%. Ten hernias were secondary to 
antireflux procedures, and esophagomyotomy, esoph- 
agogastrectomy, and placement of an Angelchik prosthe- 
sis accounted for one case each. Symptoms did not differ 
substantially from those of patients with primary her- 
nias. Incarceration occurred in 2 patients, but neither 


perations involving the esophageal hiatus and distal 

esophagus can cause paraesophageal hernias. Al- 
though this complication is rare, it carries the same 
serious implications as a primary hernia and requires 
prompt surgical treatment. The iatrogenic paraesophageal 
hiatus hernia presents therapeutic challenges because of 
previous surgical therapy, and treatment must be individ- 
ualized. This summary of the Lahey Clinic experience 
with iatrogenic paraesophageal hiatus hernia during a 
20-year period identifies etiological factors; describes 
methods of prevention and repair, and analyzes the 
results of surgical treatment. ` 


Material and Methods 


Thirteen patients with paraesophageal hiatus hernia sec- 
ondary to previous esophageal operations were identified 
in a-review of records of all patients seen at the Lahey 
Clinic Medical Center between January 1970 and January 
1990 (Table 1). The hernias in these patients represented 
13% of the 101 paraesophageal hernias repaired during 
this period. The 7 patients whose initial procedures were 
performed at the Lahey Clinic represented 0.7% of the 963 
operations on the distal esophagus (excluding primary 
paraesophageal hiatus hernia repairs) during this same 
period. Two patients were referred for treatment of recur- 
rent iatrogenic paraesophageal hiatus hernia due to prior 
fundoplication. 

The most common symptom was postprandial epigas- 
tric or substernal pain. Only 2 patients were asymptom- 
atic. In all patients a portion of the stomach, usually the 
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sustained strangulation. The pathogenesis was most fre- 
quently disruption of a previous hiatal closure. Other 
etiological factors included disruption of the phreno- 
esophageal membrane by operative dissection, postoper- 
ative gastric dilatation, and failure to recognize esopha- 
geal shortening or an existing hiatal defect. Abdominal 
repair was usually possible, but 3 patients required 
thoracotomy for reduction. There has been one known 
recurrence during a median follow-up of 41 months. 
(Ann Thorac Surg 1990;50:446-9) 


fundus, had herniated into the chest alongside the esoph- 
agus. Incarceration occurred in 2 patients, but neither 
sustained strangulation. 


Cause 

The pathogenesis of the hernias was difficult to ascertain 
with certainty but could be identified presumptively in 
most patients. Eight hernias secondary to fundoplication 
appeared to result from disruption of the previous hiatal 
closure. A wide hiatal defect was discovered in these 
patients at reoperation (patients 1, 3, 6, 8-11, and 13). In 
2 of these patients, substantial esophageal shortening was 
associaied with the hiatal disruption, and a third patient 
had early postoperative gastric dilatation that appeared to 
contribute to the gastric herniation. In 2 patients, a major 
hiatal defect may have been unrecognized at the time of 
the original operation (patients 5 and 12). Too extensive a 
hiatal enlargement during esophagogastrectomy led to 
one hernia (patient 7). A Penrose drain in the hiatus 
anterior to the esophagus led to a defect in that area in 
patient 4. No cause was obvious in patient 2. 


Diagnosis 

The diagnosis of paraesophageal hernia was made in all 
patients by an upper gastrointestinal contrast study (Fig 
1). Six of the 11 patients who had had previous antireflux 
operations underwent manometry before hernia repair, 
and all 6 had normal to high pressure in the lower 
esophageal sphincter. 


Surgical Treatment 

Hiatal closure was performed with heavy interrupted 
nonabsorbable sutures placed anterior to the esophagus, 
posterior to the esophagus, or both depending on the 
location of the defect in relation to the gastroesophageal 
junction. Three patients underwent revision of a previous 
fundoplication: 1 because of gas-bloat syndrome and 2 
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fundoplications, (C) insertion of an Angelchik prosthesis, and (D) transthoracic esophagomyotomy for achalasia (broken line = outline of stom- 


ach), (Figure 1D is reprinted from [1] by permission of the publishers, Butterworth & Co.) 
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Patient | Interval to 
No. Age (y) Sex Previous Operation Symptoms Repair Surgical Treatment 
1 35 M Nissen Pain 26 mo Abdominal repair, 
. Nissen redone 
2 63 M Uncut Collis-Nissen None 12 mo Thoracic repair, uncut 
Collis-Nissen 
redone 
3 56 M Collis-Nissen Pain 5 mo Thoracic repair, 
Marlex mesh 
closure 
4 53 F Nissen Pain 48 mo Abdominal repair 
5 53 F Esophagomyotomy Pain, heartburn, 6d Abdominal repair 
dysphagia 
6 44 M Nissen None 70 mo Abdominal repair 
7 58 M Esophagogastrectomy Nausea, emesis 3 mo Thoracic repair 
8 44 M Nissen Pain 8 mo Abdominal repair 
9 39 M Nissen Pain 14 mo Abdominal repair 
10 31 M Nissen Pain, regurgitation 72 mo Abdominal repair 
11 42 M Nissen Pain 156 mo Abdominal repair, 
; . Nissen redone 
12 53 M Angelchik prosthesis Pain, dysphagia 35 mo Abdominal repair, 
Angelchik removed 
13 31 M Nissen Dysphagia, early 2 mo Abdominal repair, 
satiety gastrostomy 


because the fundoplication had been dismantled during 
dissection of the hernia. Intraoperative manometry was 
performed in 3 patients. One patient underwent pyloro- 
myotomy because of concern about possible vagal injury. 
To prevent recurrence of the hernia, suturing of the 
stomach to the hiatal edges was performed in 1 patient 
(patient 7}, and a gastrostomy tube was inserted in 
another (patient 13). 


Results 


There were no operative deaths. Two patients were lost to 
follow-up. There was one recurrence (9.1%) with a me- 
dian follow-up of 41 months (range, 1 to 150 months). 
Functional results of surgical treatment of the original 
conditions were good or excellent in 8 patients and fair in 
1 patient. A poor result occurred in 2 patients: 1 had 
recurrence of the iatrogenic paraesophageal hiatus hernia 
(patient 10), and the other required eventual posterior 
gastropexy for intractable reflux symptoms after removal 
of an Angelchik prosthesis (patient 12). 


Comment 


Iatrogenic paraesophageal hiatus hernia is an unusual 
complication of an esophageal operation, but it does not 
differ substantially from the more common primary para- 
esophageal hernia in either clinical presentation or poten- 
tial for strangulation and infarction [1], and it should be 
repaired promptly after diagnosis. 

The treatment of any iatrogenic problem clearly begins 


with prevention. Snug hiatal closure at the time of the 
antireflux operation is essential and can be facilitated by 
the insertion of a large esophageal dilator before the crural 
sutures are tied to prevent overtightening. A shortened 
esophagus can lead to upward traction on the antireflux 
repair and should be corrected by adequate esophageal 
mobilization or by a Collis gastroplasty. During transtho- 
racic esophagomyotomy, excessive traction on the esoph- 
agus or dissection around the hiatus can disrupt the 
phrenoesophageal membrane and should be avoided [1, 
2). However, routine hiatal closure and reinforcement of 
the phrenoesophageal attachments, as advocated by some 
[3], does not seem necessary when there is no radio- 
graphic or operative evidence of a hiatal defect. Enlarge- 
ment of the hiatus during esophagogastrectomy should 
permit unconstricted passage of the stomach or intestine 
without overenlargement. The edges of the hiatus can be 
sutured to the stomach or intestine to prevent the devel- 
opment of a hernia [4]. 

Clinical and manometric evaluation, both preopera- 
tively and intraoperatively, identify patients who need 
revision of the primary procedure. The choice of incision 
is influenced by the previous surgical approach and the 
anticipated need for revision; however, a transabdominal 
approach is generally preferable. Complete exposure of 
the hiatus is necessary to permit secure repair. An espe- 
cially large and scarred hiatus could require closure with a 
prosthetic patch if the edges cannot be approximated 
without undue tension, although this was necessary in 
only 1 patient. It should be avoided if possible in view of 
the hazards of erosion. 
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Routine use of gastrostomy to prevent recurrence of 
paraesophageal hernias [5] has not often been possible in 
our patients with iatrogenic paraesophageal hiatus hernia 


because of numerous gastric adhesions. Extensive mobi- 


lization usually does not seem warranted because the 
recurrence rate without gastrostomy is low. 
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Notice From the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery began its re- 
certification process in 1984. Diplomates interested in 
participating in this examination should maintain a doc- 
umented list of the operations they performed during the 
year prior to application for recertification. This practice 
review should consist of 1 year’s consecutive major oper- 
ative experiences. (If more than 100 cases occur in 1 year, 
only 100 need to be listed.) They should also keep a record 
of their attendance at approved postgraduate medical 
education activities for the 2 years prior to application. A 
minimum of 100 hours of approved CME activity is 
required. 

In place of a cognitive examination, candidates for 
recertification will be required to complete both the gen- 
eral thoracic and cardiac portions of the SESATS IV 
syllabus (Self-Education/Self-Assessment in Thoracic Sur- 
gery). It is not necessary for candidates to purchase 


SESATS IV booklets prior to applying for recertification. 
SESATS IV booklets will be forwarded to candidates after 
their applications have been accepted. 

Diplomates whose 10-year certificates will expire in 
1993 may begin the recertification process in 1991. This 
new certificate will be dated 10 years from the time of 
expiration of the original certificate. Recertification is 
also open to any diplomate with an unlimited certificate 
and will in no way affect the validity of the original 
certificate. 

The deadline for submission of applications is July 1, 
1991. A recertification brochure outlining the rules and 
requirements for recertification in thoracic surgery is 
available upon request from the American Board of Tho- 
racic Surgery, One Rotary Center, Suite 803, Evanston, IL 
60201. 
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We studied 20 hearts with tetralogy of Fallot with partic- 
ular reference to the morphology of the fibrous continu- 
ity between the aortic and atrioventricular valves and of 
the ventricular outflow tracts. The extent of valvar fi- 
brous continuity varied with the degree of aortic over- 
ride, with the extent of the perimembranous ventricular 
septal defect opening between the ventricular inlets, and 
with the development of the ventriculoinfundibular 
fold. This, when fused with the septomarginal trabecu- 
lation, produced discontinuity between the leaflets of the 
tricuspid valve and the continuous leaflets of the aortic 
and mitral valves, as well as a muscular posteroinferior 
tim to the defect. Rotation of the aortic root ranged 
through 119 degrees. Aortic override varied from 33% to 
94%, with 35% of these hearts having more than half of 
the aortic circumference connected to the right ventricle. 


he tetralogy of abnormal anatomical features as orig- 

inally described by Fallot has subsequently been 
shown to exhibit considerable variation in specific mor- 
phology despite the unity of a single diagnosis. The 
variations have been well documented by several investi- 
gators. Thus, Lev and Eckner [1] highlighted the clinical 
significance of the variations within the setting of cyanotic 
and acyanotic cases. Other investigators focused on more 
subtle differences. Goor and co-workers [2] described 
variation in the fibrous skeleton, noting the rotational 
variation of the aortic orifice in relation to the lines of the 
atrial septum and the midpoint of the aortic leaflet of the 
mitral valve. A subsequent study by Becker and col- 
leagues [3], incorporating detailed geometric measure- 
ments, showed lengthening of the narrowed subpulmo- 
nary infundibulum in comparison with that of the normal 
heart and also confirmed the variation in rotation of the 
arterial axes noted by Goor and co-workers [2]. The 
morphogenetic significance underlying these variations is 
still not clearly understood. Defects in septation and 
rotation of the developing outflow tracts remain the basis 
of current thought [3, 4] despite continuing claims for 
“lack of conal growth” [5]. We, therefore, performed 
further detailed morphological examination of the fibrous 
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The pulmonary valves had three leaflets in 50%, two 
leaflets in 45%, and four leaflets in one (5%). All hearts 
had twe main coronary arterial orifices, 45% of which 
were atypical in location. One heart displayed a trans- 
mural course of the left coronary artery arising from the 
nonfacing sinus. By measurement, the subpulmonary 
length was, on average, roughly 50% greater than the 
subaortic length, and, when the selected hearts were 
sectioned, much of the subpulmonary infundibulum was 
found to be composed of free-standing musculature 
rather than true outlet septum. The proportion of total 
right ventricular length represented by the infundibu- 
lum was 0.31 + 0.07, confirming that, compared with that 
of normal hearts, the narrowed infundibulum in tetral- 
ogy is longer rather than shorter. 

(Ann Thorac Surg 1990;50:450-7) 


skeleton and the structures making up the abnormal 
ventricular outflow tracts, hoping that further clarification 
of the variations within these subsystems might lead to 
better understanding of the developmental anomalies 
they represent and the surgical stratagems required for 
their correction. 


Material and Methods 


Twenty hearts from patients with tetralogy of Fallot were 
selected from the cardiopathological collection of the 
National Heart and Lung Institute, Brompton Hospital, 
London, England. The hearts were examined to deter- 
mine precisely the variation in the morphology of fibrous 
continuity between the leaflets of the aortic and the 
atrioventricular valves, rotational variation within the axis 
of the great arterial trunks, the degree of override of the 
aortic orifice relative to the ventricular septum, the anat- 
omy of the leaflets of the pulmonary valve, the arrange- 
ment of the coronary arterial orifices, the precise structure 
of the subpulmonary infundibulum and particularly the 
septum separating it from the subaortic outflow tract, the 
ratio of the infundibular length to the overall right ven- 
tricular length, and the presence of membranous flaps or 
pseudcflaps related to the posteroinferior margin of the 
ventricular septal defect. 

Selection of specimens was based primarily on their 
maxima! preservation to permit accurate examination of 
these features in the presence or absence of operative or 
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postmortem alteration. Hearts were excluded if such 
alterations, when present, resulted in excessive distortion 
or destruction of the outlet septum, pulmonary ventric- 
uloarterial junction, or ventricular septum, although four 
hearts were included in morphological study despite 
postmortem alteration of the infundibulum and right 
ventricular apices that prevented accurate measurements 
of these areas. Specimens of tetralogy with pulmonary 
atresia were excluded. 

The variations in fibrous continuity of the valvar leaflets 
were represented diagrammatically (Fig 1). The orienta- 
tion of the axis of the great arterial trunks was taken in 
reference to the projection of the ventricular septum 
relative to the overriding aortic valve. Measurements in 
degrees of rotation were expressed, with 0 degrees being 
in the plane of the ventricular septum and positive values 
representing clockwise rotation as viewed from the ven- 
tricular aspect. Aortic override was represented as a 
percentage of the circumference of the aortic valvar leaf- 
lets supported by and connected to the right ventricular 
structures. The extent of the structures separating the 
subaortic and subpulmonary outflow tracts was examined 
initially by measuring the distances from the crest of the 
outlet septum to the nearest point of attachment of the 
leaflets of the aortic and pulmonary valves. This was 
expressed as a relationship using the length of the sub- 
aortic component as the denominator (Fig 2). The ratio of 
the overall infundibular length to right ventricular length 
was obtained in the manner of the determinations used by 
Becker and colleagues [3]. This involved the additional 
measurement of length from the superior point of the 
pulmonary valvar attachment to the crest of the outlet 
septum and thence to the right ventricular apex. The 
infundibular length was then divided by the combined 
lengths (total right ventricular length), thus representing 
the proportionate contribution of the infundibulum to 
right ventricular length. This ratio was then correlated 
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Fig 1. The heart viewed from the 
ventricular aspect in the short axis 
(compare with Fig 3). (a) Heart 6 
sectioned through the long axis of the 
ventricular septum shows the rela- 
tionships of the leaflets ef the aortic 
valve to the ventricular septal crest, 
the tricuspid valve, and the aortic 
(anterior) leaflet of the mitral valve. 
The right ventricular outflow tract 
and pulmonary valve are obscured by 
the superiorly reflected ventricular 
wall. (b) Schematic representation of 
this heart with labeled components for 
comparison with those in Figure 3. 
(VIF = ventriculoinfundibular fold.) 
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Fig 2. Sectioned heart showing the measurements taken to quantitate 
the extent of the outlet septum. (a) Heart 16, showing the sectioned 
subpulmonary and subaortic outflow tracts seen from the right ven- 
tricular aspect. The muscular posteroinferior rim of the ventricular 
septal defect in this heart is also seen to advantage in this section, 
along with the juxtaposed left atrial appendage. (b) Illustration of the 
heart shows the anatomic nature of the structures and the measure- 
ments taken for quantitation. 
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Fig 3. Morphology of the fibrous skeletons and ventricular outflow tracts of the 20 hearts within this study. Representation is from the ventricu- 
lar aspect in the short axis and compares with the diagram shown in Fig 1b. 


with the values obtained in normal specimens as pub- 
lished by Becker and colleagues [3], and the statistical 
significance of the comparison was determined using 
Student's ¢ test. After measurement, representative hearts 
were sectioned longitudinally through the area separating 
the subarterial outflow tracts and examined to determine 
the part that separated the outflow tracts one from the 
other (the outlet septum) and the part of the apparently 
septal aspect of the subpulmonary infundibulum that, in 
reality, separated the inside from the outside of the heart 
(free-standing infundibulum) (Fig 2). 


Results 

A schematic representation of the relationships of the 
arterial and atrioventricular valves as seen from the ven- 
tricular aspect in the short axis of all 20 hearts is shown in 
Figure 3. 


Aortic-Atrioventricular Valvar Fibrous Continuity 

In all hearts, the aortic valve was in fibrous continuity 
with the aortic (anterior) leaflet of the mitral valve. 
Marked variation was noted in the arrangement of the 
aortic orifice, as judged by the projection of the midpoint 
of the mitral leaflet onto the aortic valve. Fibrous continu- 


ity of the aortic and tricuspid valves varied in relation to 
the development of the ventriculoinfundibular fold as 
well as with regard to the morphology of the posteroin- 
ferior margin of the ventricular septal defect. In this 
respect, there was fibrous continuity between the leaflets 
of aortic, mitral, and tricuspid valves in the posteroinfe- 
rior margin of 18 of the defects. This is the criterion we use 
for labeling the defect as perimembranous (Fig 4a). The 
extent of fibrous continuity between the aortic valve and 
anterosuperior leaflet of the tricuspid valve was inversely 
related to increased development of the ventriculoin- 
fundibular fold. This varied from extensive continuity 
along the attachment of the anterosuperior tricuspid 
leaflet in one heart, through various intermediate stages 
in 17 hearts, to complete discontinuity between the leaf- 
lets of the aortic and tricuspid valves in two hearts. The 
latter situation existed owing to fusion of the ventriculoin- 
fundibular fold with the posterior limb of the septomar- 
ginal trabeculation, giving a muscular posteroinferior rim 
to the defect, which thus was no longer perimembranous 
(Fig 4b). In four of the hearts in which the defect was 
perimembranous, it also excavated into the inlet septum 
such that there was additional fibrous continuity between 
the leaflets of the aortic valve and the septal (in addition to 
the anterosuperior) leaflet of the tricuspid valve. An 


Ann Thorac Surg 
1990;50:450-7 


) 


HOWELL ET AL 453 
ANATOMICAL VARIATIONS IN TETRALOGY OF FALLOT 





Fig 4. Comparison of examples of perimembranous and muscular ventricular septal defects. (a) Heart 17 with the posteroinferior rtm of the ven- 
tricular septal defect formed by fibrous continuity between the leaflets of the aortic and tricuspid valves as seen from the right ventricular aspect 
(perimembranous defect). The septal defect is bordered by the hypertrophied outlet septum; superiorly, the stenosed right ventricular outflow tract 
is evident. (b) Heart 4 shows fusion of the ventriculoinfundibular fold and septomarginal trabeculation, creating a muscular posteroinferior rim to 
the ventricular septal defect. The anterosuperior tricuspid leaflet spans the muscular rim in this view; the rim produces fibrous discontinuity be- 
tween the leaflets of the tricuspid valve and those of both the aortic and mitral valves. (AoV = aortic valve; ALTV = anterosuperior leaflet of 
tricuspid valve; OS = outlet septum; SMT = septomarginal trabeculation; VIF = ventriculoinfundibular fold.) 


abnormal attachment of the leaflets of the tricuspid valve 
to the outlet septum was noted in two of these hearts with 
inlet extension of the perimembranous ventricular septal 
defect (Fig 5). 


Great Arterial Orientation 


Rotational orientation of the great arterial trunks varied 
through 119 degrees (range, ~45 to +74 degrees; mean, 
2.37 + 31.86 degrees; median, —5.75 degrees). 


Aortic Override 


The degree of aortic override in the hearts studied ranged 
from 33% to 94% (mean, 56.9% + 16.05%; median, 50%). 
Seven hearts (35%) had greater than 50% override and 
thus represent tetralogy of Fallot with double-outlet ven- 
triculoarterial connection from the right ventricle. Plotting 
aortic override against truncal rotation, the values showed 
approximate proportionality at the extremes, with great- 
est variability within the broad region of equal override 
between the ventricles (~45 to +26 degrees) (Fig 6). 


Arrangement of the Pulmonary Leaflets 

In eight hearts (40%), the anticipated arrangement of 
three leaflets was present although the valve was itself 
stenotic. An abnormal pattern having three leaflets was 
noted in two hearts (10%; hearts 1 and 14): one large 
leaflet had “bicuspid’’orientation, and the other, mark- 
edly smaller leaflets were separated unequally by a com- 
missure. Nine hearts (45%) exhibited valves with two 
leaflets. Four of the valves displayed commissural orien- 
tation in alignment with the adjoining aortic commissure, 
whereas the remainder were oriented at right angles to it. 


A rudimentary mural raphe was present in four of the 
valves with two leaflets. One ‘‘bicuspid’’valve had a 
single rudimentary leaflet (heart 13), whereas another had 
one leaflet that was incomplete (heart 4). One valve had 
four leaflets (heart 15). A commissure (or rudimentary 
related structure) was present opposite the commissure 
between the two coronary leaflets of the aortic valve in 18 
of the 20 hearts. In the remainder, there was commissural 
mismatch of approximately 90 degrees in one (heart 18), 
and in the other the main stem of the left coronary artery 
took a transmural course to originate from the nonfacing 
sinus of the aorta (heart 4). 


Arrangement of Coronary Orifices 


In 11 of the hearts (55%), the openings of both the right 
and left coronary arteries were situated centrally within 
their respective sinuses of Valsalva at or below the line of 
attachment of the commissures. In the other nine hearts, 
the orifices of the coronary arteries were displaced toward 
the commissures. One left coronary artery possessed a 
double orifice (heart 20), and the orifices of both right and 
left arteries were displaced high out of the sinuses in 
another. One heart displayed an intramural course of the 
main stem of the left coronary artery such that it origi- 
nated from the nonfacing (or posterior) sinus of Valsalva 
adjacent to the commissure (heart 4; Figs 3, 7). Despite 
these slight variations in position and the extreme varia- 
tions noted in truncal rotation, the left coronary artery 
originated within or at the limit of the region of aortic- 
mitral fibrous continuity in all specimens. 
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Fig 5. Heart 2: (a) The outlet septum was sectioned near its septal insertion and retracted laterally with the right ventricular free wall. The heart 
is viewed from the right ventricular aspect. Extension of the perimembranous ventricular septal defect so that it opens between the inlets yields a 
broad area of fibrous continuity between the leaflets of the aortic and tricuspid valves. The abnormal attachment of tricuspid chordal apparatus (*) 
to the parietal insertion of the outlet septum is also evident. (b) Cross-section throug’ the ventricular chambers of the same heart shows the valvar 
orientations as seen from the ventricular aspect. The anterior displacement of the outlet septum is apparent, along with the abnormal attachments 
of the tricuspid valve extending to its parietal insertion (*). (AoV = aortic valve; ALTV = anterosuperior leaflet of tricuspid valve; LE = left- 
hand facing leaflet of aortic valve; NF = nonfacing leaflet of aortic valve; SLTV = septal leaflet of tricuspid valve; PT = pulmonary trunk; OS = 
outlet septum; VS = ventricular septum; MV = mitral valve; TV = tricuspid valve.) 





Outlet Septum contributed by what is commonly known as the outlet 
The mean proportion of subpulmonary length to subaor- septum (Figs 2, 8). The most distal part of the “septal” 
tic length along the outlet septum was 1.54 + 0.41 (range, component of the subpulmonary infundibulum in the 
1.0 to 3.0; n = 19). With the subpulmonary aspect of the 
outlet septum averaging roughly one and a half times the 
length of the subaortic aspect, a substantial proportion of 
the purported “outlet septum” was suspected to be com- 
posed of free-standing subpulmonary infundibular mus- 
culature. Sectioning through the septum confirmed that a 
substantial proportion of this structure was indeed free- 
standing infundibulum, with only a small component 
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Fig 7. Photograph of heart 4 taken from the superior aspect after sec- 
tioning and retraction of the aorta just above the commissural attach- 
ments of the aortic valve. The pulmonary trunk was also removed. 
The transmural course of the main stem of the left coronary artery is 
evident, with its orifice situated just within the nonfacing sinus and 
20 4 60 80 100 adjacent to its commissure. The orifice of the right coronary artery is 
evident in normal position within the right-hand facing sinus of Val- 
salva. (LCA = left coronary artery; RCA = right coronary artery; 
Fig 6. Plot of percentage of aortic override against degrees of truncal NFS = nonfacing sinus; LFS = left-hand facing sinus; PT = pulmo- 
rotation. nary trunk.) 
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Fig 8. Heart 17 after sectioning of the outlet septum. The extent of 
the aortic wall and valvar attachments is evident, along with those of 
the pulmonary trunk and valve. The hypertrophied subpulmonary 
musculature is predominantly composed of free-standing infundibu- 
lum. (Ao = aorta; PV = pulmonary valve; SMT = septomarginal 
trabeculation.) 


sectioned specimens separated the subpulmonary outlet 
from a tissue plane between the aorta and the pulmonary 
trunk. The mean ratio of infundibular to right ventricular 
length was 0.31 + 0.07 (range, 0.22 to 0.46; n = 17) in this 
series. This was somewhat less than the value obtained in 
the 14 specimens with tetralogy reported by Becker and 
colleagues [3] (0.36 + 0.08; range, 0.21-0.50) but is greater 
than that of the 10 normal specimens in their series (0.28 
+ 0.03; range, 0.23 to 0.34). Statistical analysis of our data 
in comparison with these normal values indicated that our 
findings of increased proportional infundibular length as 
compared with normal hearts approached statistical sig- 
nificance without being conclusive (p = 0.076), although 
the broader spectrum of proportions we observed more 
closely approximated those observed in hearts with tetral- 
ogy in the series of Becker and colleagues [3]. 


Flaps/Pseudoflaps 


Membranous flaps or pseudoflaps related to the ventric- 
ular septal defect were present in eight specimens. Six 
were membranous flaps and one was a pseudoflap; one 
heart had both structures. The pseudoflaps were pro- 
duced by reduplication of tricuspid valvar tissue, and 
fenestration was present in both of them to varying 
degree. 


Comment 


The variation within the singular morphological entity of 
tetralogy of Fallot is well established [1, 6], a variation 
endorsed still further by this study. The underlying aber- 
ration is that of abnormal septation of the developing 
outlet component of the ventricular mass along with 
defective incorporation of the aorta into the left ventricle; 
this feature yields the superocephalad deviation of the 
outlet septum and overriding of the aortic orifice [2, 3]. In 
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addition, the arrangement of the leaflets of the aortic 
valve shows considerable rotational variation in terms of 
the fibrous continuity achieved with the aortic (anterior) 
leaflet of the mitral valve. This was well described by Goor 
and co-workers [2], who documented aortic ”dextroposi- 
tion” in relation to the lines subtended by the atrial 
septum and the midpoint of the aortic leaflet of the mitral 
valve. This variation is further reflected in terms of the 
extent of fibrous continuity observed between the leaflets 
of the aortic and tricuspid valves and also between those 
of the mitral and tricuspid valves. The latter feature is 
marked when the septal defect extends into the inlet of 
the right ventricle, but is completely lacking when the 
defect possesses a muscular posteroinferior rim. 

Although many factors come into play during forma- 
tion of the fibrous skeleton and in the achievement of 
valvar fibrous continuity, one major feature must be the 
attenuation and obliteration of the muscular inner heart 
curvature. Early in development, muscular tissue sepa- 
rates the leaflets of the developing arterial and atrioven- 
tricular valves; it is apparent in the roof of the developing 
left and right ventricles even after closure of the embry- 
onic interventricular communication [7]. This muscula- 
ture persists to separate the leaflets of the tricuspid and 
pulmonary valves in the right ventricle. In contrast, it is 
usually attenuated during development of the roof of the 
left ventricle so that fibrous continuity is established 
between the leaflets of the aortic and mitral valves. Even 
in the normal heart, aortic-tricuspid valvar continuity also 
exists through the fibrous substance of the membranous 
septum. This fibrous continuity is evident in hearts with 
tetralogy, and its extent is closely interrelated with the 
degree of connection of the aortic valve within the right 
ventricle. With the greater proximity of the aortic and 
tricuspid valves produced by increased aortic override, 
fibrous continuity is enhanced, whereas such continuity 
at this level becomes limited by persistence of the inter- 
posed ventriculoinfundibular fold. As indicated, how- 
ever, these are not the only factors involved, and other 
forces are undoubtedly of significance. 

The concept of abnormal septation of the outlet compo- 
nent and abnormal incorporation of its aortic component 
within the left ventricle continues to be supported by this 
investigation as a crucial mechanism in the morphogen- 
esis of tetralogy of Fallot. Studies of embryonic and fetal 
material [8, 9] have shown that in animals this results 
from abnormal positioning of the ridges that divide the 
outlet component of the heart tube. Although the concept 
of rotation of the outlet component during development 
relative to the atrioventricular junction remains controver- 
sial, the anatomical evidence of a 119-degree spectrum of 
rotation observed in our material approximates the 110 to 
150 degrees of rotation postulated from studies of human 
embryos [10, 11]. This suggests the interesting possibility 
that the abnormal hearts reflect the range from the non- 
rotated to the relatively normally rotated outlet compo- 
nent, with the independent variables of septation, rota- 
tion, and absorption of the inner heart curvature exerting 
their effects on rightward position of the aorta and the 
associated morphology of aortic-tricuspid-mitral valvar 
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fibrous continuity. Within this series of tetralogy of Fallot, 
all specimens showed fibrous continuity between the 
leaflets of the aortic and mitral valves; this is not, how- 
ever, an essential feature of tetralogy. As we have dis- 
cussed, the cardinal features of tetralogy are the abnormal 
septation of the ventricular outflow tracts at the expense 
of the subpulmonary component and the abnormal at- 
tachment of the leaflets of the aortic valve within the right 
ventricle. This feature can coexist with muscular discon- 
tinuity between the leaflets of the aortic and mitral valves, 
as exemplified by the case described by Dickinson and 
associates [12]. This consideration bears closely on the 
relationship between tetralogy of Fallot and “classic” 
double-outlet right ventricle with bilateral infundibular 
musculature. These entities are distinguished on the basis 
of their overall morphology, not simply by the presence or 
absence of fibrous continuity between the leaflets of the 
aortic and mitral valves. The coexistence of a classic 
example of tetralogy and almost complete double-outlet 
ventriculoarterial connection is seen in heart 18, which 
has the greatest extent of rightward position of the aorta 
and the smallest amount of aortic-mitral fibrous continu- 
ity, the latter barely spanning the area of the left facing 
leaflet of the aortic valve. The morphology of the in- 
fundibular structures is independent of the ventriculoar- 
terial connection. This independence is further empha- 
sized by the fact that, rarely, normal hearts can exist with 
discontinuity between the leaflets of the aortic and mitral 
valves [13]. 

Our observations concerning the structures separating 
the subaortic and subpulmonary outlets are important in 
that free-standing subpulmonary infundibular muscula- 
ture was shown to be a crucial component of this suppos- 
edly septal region. Our macroscopic sections reveal the 
proximity of the leaflets of the aortic valve to the crest of 
the outlet septum as well as the extensive area of separa- 
tion of the great arterial trunks by epicardial fat, this tissue 
plane interposing between the aortic wall and the subpul- 
monary infundibular musculature. This finding reflects 
recent observations in the normal heart concerning the 
limited extent of the so-called outlet septum [14], together 
with embryologic investigations supporting such anatom- 
ical studies [15]. It also has surgical importance, as it 
supports the concern over risks inherent in attempts at 
resection of the hypertrophied body of the outlet septum 
as in the conotruncal repair described by Kurosawa and 
associates [16]. It is apparent that the aortic valvar appa- 
ratus can be endangered in such maneuvers, and the risk 
of such resection becoming extracardiac is obvious. It 
should also be noted that the subpulmonary infundibu- 
lum exhibited considerable length in all the specimens we 
studied. The previous investigation of Becker and col- 
leagues [3] showed, by measurement, that the infundibu- 
lum in tetralogy of Fallot in their series of 14 hearts was 
significantly longer than those in normal hearts when 
compared with the overall length of the right ventricle. 
Although we were unable to duplicate their finding of 
significant elongation of the infundibulum exactly, statis- 
tical comparison of our measurements in the abnormal 
hearts with their measurements of normal specimens 
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showed that the infundibular length was certainly not 
shorter than normal; rather, in the hearts with tetralogy it 
was slightly elongated. Despite the significant differences 
shown by statistical analysis in the study of Becker and 
colleagues [3] Van Praagh [17] still maintains, without 
presenting supporting evidence, that the subpulmonary 
infundibulum is short in tetralogy of Fallot, arguing that it 
is unwise to “generalize” from the study of Becker and 
colleagues [3]. The findings in this study, based on 17 
other hearts, continue to support the concept of Becker 
and colleagues [3], as did the much more extensive 
investigation of Anderson and co-workers [6]. Although 
occasionally the subpulmonary infundibulum may be 
short in tetralogy of Fallot, it is a mistake to maintain that 
it is “short in all dimensions” [17]. 

The variations noted in arrangements of the coronary 
arterial orifices are among the most minor of such abnor- 
malities (if, indeed, they are abnormal at all!). Most are 
unlikely to have clinical or surgical significance. Regard- 
less of arterial orientation, however, the left coronary 
artery always originated from the aortic sinus within or at 
the limit of the region of aortic-mitral fibrous continuity 
even at the extremes of rotational variability. The mural 
transcommissural course of the main stem of the left 
coronary artery in one heart is also unlikely to be of 
clinical significance, but its origin from the nonfacing 
sinus of the aorta is of considerable interest. Well- 
documented examples of origin of a coronary artery from 
the nonfacing aortic sinus are exceedingly rare. Indeed, 
we know of no such examples. Although not important in 
the setting of tetralogy of Fallot, such a finding would 
have major significance if replicated in a patient with 
complete transposition, particularly if an arterial switch 
procedure was contemplated as the means of surgical 
correction. 

Membranous flaps and pseudoflap structures related to 
the posteroinferior margins of the ventricular septal de- 
fects were relatively common findings in this series, 
although not present in all hearts as suggested by Kuro- 
sawa and associates [18]. Pseudoflaps were also some- 
what less common in our selected hearts than in the 
overall series reported by Suzuki and co-workers [19]. 
Membranous flaps are remnants of the interventricular 
component of the membranous septum lying posteriorly 
in the defect roughly in the plane of the muscular septum. 
Pseudoflaps are derived from the leaflets of the tricuspid 
valve. In the present study, the pseudoflaps extended to 
achieve attachment to the outlet septum in two of the 
hearts that bore perimembranous defects extending to the 
inlet of the right ventricle. Caution may be warranted in 
use of such tissue during surgical repair, as fenestrations 
may be present and could result in inadequate closure of 
the defect with residual interventricular shunting. In 
relation to the other anomalies noted within these hearts, 
the heart with right juxtaposition of the atrial appendages 
was important not only in bearing a muscular septal 
defect characterized by fibrous discontinuity between the 
leaflets of the tricuspid valve and the continuous leaflets 
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of the aortic and mitral valves, but also, according to a 
recent review of the literature by Seo and colleagues [20], 
in appearing to be a previously unreported morphological 
constellation. 
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Malignant Fibrous Histiocytoma of the Trachea 


C. Duane Randleman, MD, Elizabeth R. Unger, MD, and Kamal A. Mansour, MD 
Division of Cardio-Thoracic Surgery, Joseph P. Whitehead Department of Surgery, and the Department of Pathology, Emory 


University School of Medicine, Atlanta, Georgia 


A 17-year-old woman was admitted with malignant fi- 
brous histiocytoma of the cervical trachea. The very rare 
occurrence of malignancy in this tumor at that location 
and its unusual presentation, misdiagnosis, and surgical 
management in the face of near-total tracheal occlusion 
make its reporting worthwhile. 

(Ann Thorac Surg 1990;50:458-9) 


Mise fibrous histiocytoma of the trachea is an 
extremely rare tumor [1]. This report presents a 
case of malignant fibrous histiocytoma of the cervical 
trachea and its surgical management. 


A 17-year-old woman was referred to Emory University 
Hospital on November 7, 1988, after having been treated 
for asthmalike symptoms during the past year. The pa- 
tient complained of recent increase in shortness of breath 
and wheezing with chest wall retraction. Tomograms of 
the trachea showed a large mass in the lower cervical 
trachea (Fig 1). A computed tomographic scan of the neck 
and chest showed an endotracheal mass at the thoracic 
inlet arising from the right lateral tracheal wall and 
occluding approximately 80% of the tracheal lumen (Fig 
2). 

On November 8, 1988, under isoflurane anesthesia and 
without muscle relaxants, the patient underwent bron- 
choscopy that showed a large polypoid tumor almost 
completely obstructing the tracheal lumen 4 cm distal to 
the vocal cords. The bronchoscope could not be passed 
beyond the tumor, and no attempt was made to perform 
a biopsy on it for fear of bleeding. An adequate airway 
could not be maintained. 

The patient was prepared and draped. Using a low- 
neck collar incision, a tracheostomy was performed just 
distal to the tumor, and a sterile anode tube was intro- 
duced into the lower trachea. The trachea was mobilized 
anteriorly down to the carina and posteriorly off the 
esophagus using finger dissection. No dissection was 
carried out laterally except at the resection site to protect 
the blood supply. A segment of trachea comprising five 
rings was resected with primary end-to-end anastomosis 
using interrupted 3-0 PDS sutures with the knots tied on 
the outside. 

The patient had an uneventful postoperative course 
and was discharged on the 13th postoperative day. A 
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second bronchoscopy on January 3, 1990, 14 months 
postoperatively, showed no evidence of tumor recur- 
rence. 

The tracheal mass was polypoid, soft, tan-white, and 
homogeneous and measured 1.5 x 1.5 x 1.3 cm. The 
mass eroded the tracheal wall through the mucosa. His- 
tologically, the neoplasm was composed of spindle cells 
arranged in a storiform pattern with scattered Touton 
giant cells and areas of hyalinization. There was moderate 
nuclear pleomorphism, but mitoses were rare (Fig 3). 
Immunchistochemistry and electron microscopy sup- 
ported the light microscopic classification of the lesion as 
a fibrohistiocytic neoplasm. The neoplasm gave positive 
reactions with antibodies to vimetin, actin, S-109 protein, 
and HAM-56, whereas antibodies for epithelial markers 
gave negative reactions (cytokeratin and epithelial mem- 
brane antigen). The final pathological diagnosis was con- 
sistent with low-grade malignant fibrous histiocytoma 
and was confirmed on review of the case by the Armed 
Forces Institute of Pathology. 


Comment 


Malignant fibrous histiocytoma is a mesenchymal tumor 
first recognized by O’Brien and Stout [2] in 1964. Earlier, 
Kauffman and Stout [3] hypothesized that the histiocyte 
was a facultative fibroblast that gave rise to a variety of 
histological patterns. Malignant fibrous histiocytoma is 
the most common malignant neoplasm of the soft tissues 
and most commonly occurs in the extremities and trunk 
[4], but it has also been reported in the lung and medias- 
tinum [5]. 

In 1981, Blitzer and co-workers [6] reviewed the occur- 
rences of malignant fibrous histiocytoma in the head and 
neck region. They reported 87 cases. The most affected 
sites in decreasing order were the maxillary sinus, the 
mandible, and the larynx. They noted that malignant 
fibrous histiocytoma of the larynx was a biologically 
aggressive tumor often recurring after surgical resection 
and metastasizing to different organs (lung, brain, heart, 
kidney, liver, spleen, skin, musculoskeletal, subcutane- 
ous tissues, regional lymph nodes). 

In contrast to the more aggressive behavior of laryngeal 
malignant fibrous histiocytoma, the behavior of the neo- 
plasm in the tracheal location appears to be benign. 
Gonzalez-Compora and associates [7] reviewed the liter- 
ature and found 6 reported cases, all of which were 
benign. They concluded that fibrous histiocytoma of the 
trachea is a benign tumor. They also noted that the 
majority of tumors occurred in young adult females, were 
located in the upper third of the trachea, and were 
polypoid in nature. The patients were most commonly 
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Fig 1. Tomogram showing a large endotracheal mass. 


seen with hemoptysis, progressive dyspnea, and stridor. 
In spite of the tumor’s histologically benign features, 
recurrences after local resection were frequent. The re- 
view noted that fibrohistiocytic tumors of the trachea 
were in marked contrast to the fibrohistiocytic tumors 
seen at other levels of the respiratory tract, primarily 
those of the larynx and lung, in which the malignant form 
and distant metastases were more frequent. 

The only previously reported case of malignant fibrous 
histiocytoma of the trachea was by Louie and co-workers 
[1] in 1983. Bronchoscopic laser therapy was used, but the 
tumor recurred rapidly despite adjuvant chemotherapy, 





Fig 2. Computed tomographic scan shows tumor nearly occluding 
tracheal lumen (arrow). 
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Fig 3. Representative section of tracheal neoplasm showing closely 
packed fibrohistiocytic cells arranged in storiform pattern. Giant cell is 
present in this field. (Hemotoxylin and eosin, X40 before 50% reduc- 
tion.) 


and the patient died 3 months after her hospital admis- 
sion. 

The treatment of malignant fibrous histiocytoma of the 
trachea should be aggressive wide local excision. This 
approach is shared by most reviews of fibrous histiocytic 
tumors. Radiation therapy has limited efficacy as the 
tumors are considered radioresistant. Leite [8] reported a 
33% response rate for malignant fibrous histiocytomas 
treated with multiple chemotherapeutic agents for a mean 
duration of 10 months. Kearney and colleagues [9], how- 
ever, have found the benefits of chemotherapy to be 
diverse and ineffective. 
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Systemic Venous Aneurysms 
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A case of superior vena cava aneurysm combined with 
aneurysm of the left innominate vein is presented. For 
the diagnosis, it is important not only to apply imaging 
techniques such as superior vena caval angiography, 
radioisotopic angiography, and computed tomographic 
scans but also to have a concept of this entity in mind. 
(Ann Thorac Surg 1990;50:460-2) 


I a review by Kelly and co-workers [1], almost 10% of 
intrathoracic mass lesions were reported to be of vas- 
cular origin. However, most vascular lesions are systemic 
arterial aneurysms. On the other hand, systemic venous 
lesions are so rare that their clinical significance is not 
known. We treated a patient with a superior vena caval 
aneurysm combined with an aneurysm of the left innom- 
inate vein. 


A 13-year-old boy was admitted to the National Himeji 
Hospital on August 22, 1985, for further evaluation of an 
abnormal shadow on his chest roentgenogram. He had 
been healthy since birth. Results of physical examination 
and laboratory tests were all normal. A posteroanterior 
chest roentgenogram showed a marked shift of the car- 
diac shadow to the left (Fig 1). A computed tomographic 
chest scan showed a dilated superior vena cava (SVC) and 
a left anterior mediastinal mass that was so enhanced by 
contrast medium that a vascular lesion or a vascular-rich 
tumor was suspected (Fig 2). Venous angiograms demon- 
strated fusiform dilatation of the SVC and saccular dilata- 
tion of the left innominate vein (Fig 3). Venous pressure 
was 4 mm Hg in the innominate vein, the SVC, and the 
saccular aneurysm of the left innominate vein. The diag- 
nosis was fusiform aneurysm of the SVC combined with 
saccular aneurysm of the left innominate vein. According 
to clinical reports, fusiform aneurysm of the SVC is never 
complicated by rupture or thrombus formation, and the 
prognosis is good. However, surgical resection of the 
saccular aneurysm was planned because of the possibility 
of thrombus formation resulting in pulmonary embolism. 

The operation was performed on September 11, 1985. 
Median sternotomy combined with fifth intercostal thora- 
cotomy was selected as the approach into the anterior 
mediastinum. The left lung seemed hypoplastic without 
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collapse, and the aneurysm of the left innominate vein 
was located above the lung. The aneurysm was 5 x 4 cm; 
three dilated vessels, presumably the second, third, and 
fourth intercostal veins, drained into it. The inferior end 
of the aneurysm extended down along the chest wall 
becoming thinner and finally disappearing. There was no 
connection with the coronary sinus, which ruled out a left 
SVC (Fig 4). The wall of the dilated SVC looked normal, 
and no clot was detected inside the SVC. The three dilated 
intercostal veins were isolated and divided, and the 
inferior end of the innominate vein aneurysm was iso- 
lated and divided for the next operative procedure. Next, 
a vascular clamp was placed at the superior end of the 
aneurysm, which was resected peripheral to the clamp. 
Gentle handling was used to prevent possible lung em- 
bolism. The proximal end of the resection line was closed 
with 5-0 Prolene suture (Ethicon). An old clot was found 
at the inferior end of the resected aneurysm. Pathological 
examination showed normal architecture of the systemic 
vein, which ruled out inflammation or any structural 
defect. 





Fig T. 


Pesteroanterior chest roentgenogram shows a marked shift of 


the cardiac shadow to the left. 
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Fig 2. Chest computed tomographic scan shows a left anterior medias- 
tinal mass and a greatly dilated superior vena cava. 


Venous angiograms 3 weeks after the operation showed 
no stenosis. The patient was discharged on October 12, 
1985. 





Fig 3. Venous angiogram reveals fusiform dilatation of superior vena 
cava and saccular dilatation of the left innominate vein. 
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L. innominate vein 


Fig 4. Anatomy of the aneurysms. (L = left; MPA = main pulmo- 
nary artery; SPV = superior pulmonary vein; SVC = superior vena 
cava.) 


Comment 


Seventeen patients with SVC aneurysm including our 
patient have been reported (Table 1). Until the early 
1970s, exploratory thoracotomy was the main diagnostic 
procedure, but the introduction of superior vena caval 
angiography, radioisotopic angiography, and computed 
tomographic scans have made exploratory thoracotomy 
unnecessary. Furthermore, it is quite characteristic that 
the size and shape of superior vena caval aneurysms 
change with different positions and under different respi- 
ratory conditions [2, 3]. Morphologically, this disease can 
be divided into two subtypes: a fusiform type with par- 
tially fusiform dilatation, and a saccular type that is seen 
as a spherical shape with a stalk. Our patient had a 
fusiform superior vena caval aneurysm and a saccular 
aneurysm of the left innominate vein, but the diagnosis 
could also be an aneurysm of the left superior costal vein 
because three intercostal veins drained into the aneurysm 
as shown in Figure 4. The left lung seemed hypoplastic, 
and such anomaly has not been observed among other 
patients. 

Surgical therapy other than exploratory thoracotomy 
was performed in 5 patients [2-5]. Abbott and colleagues 
[2] wrapped fragile fusiform aneurysms with polythene 
cellophane with good results. For three saccular aneu- 
rysms, simple surgical resection was done successfully 
with ligation of the stalk [3-5]. In our patient, fusiform 
SVC aneurysm remained untreated, and the left innomi- 
nate vein aneurysm was resected. The surgical indications 
for this disease are controversial. However, the fusiform 
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Table 1. Cases of Superior Vena Cava Aneurysm 


Year Age 
Author Reported ty) Sex 

Abbott 1950 19 M 

Lawrence 1956 52 F 

Gallucci 1967 28 F 

Okay 1970 16 F 
Bell 1970 20 M 
Franken © 1972 9 M 
Gabriele 1972 66 M 

Ream 1972 20 F 

Polansky 1974 11 F 

22 F 

9 F 

Farr 1974 17 F 
Jafari 1977 27 M 
Heil 1978 11 M 

Hidvegi 1979 54 F 
Train 1981 16 M 
- Yokomise 1990 13 M 


* Resection of left innominate vein aneurysm. 


F = fusiform; S = saccular 


type seems not to need operation as 12 untreated patients 
with this type remained well except for 1 patient who died 
of pulmonary embolism probably due to infectious mono- 
nucleosis [6]. For the saccular type, surgical treatment is 
recommended as thrombus formation may occur. 

The etiology of superior vena caval aneurysms is still 
unknown. Three of the four pathological specimens ex- 
amined had normal venous walls, and the abnormalities 
in the other specimen could have been due to infectious 
mononucleosis. Therefore, an inherent fragility of the 
venous wall is not always the cause of venous saccular 
aneurysms. On the other hand, a 17-year-old girl who has 
been followed up since she was 3 years of age has been 
completely asymptomatic [7]. In this patient, an inherent 
factor seems to be important. Two patients had been 
injured in car accidents, but a direct traumatic cause was 
not clear. 

The prognosis seems to be good because all of these 
patients, except the one who suffered from infectious 
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Treatment Result 


Alive 
Alive 
Alive 
Alive 
Alive 
Alive 
Alive 
Death 
Alive 
Alive 
Alive 
Alive 
Alive 
Alive 
Alive 
Alive 
Alive 


F Wrapping with cellophane 
Resection 


Resection 


Resection 


mann n sna sen Tr Tra D TDM ND 


Resection? 


mononucleosis, were alive at the time the reports were 
made. 
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Steal Phenomenon Caused by a Parallel Branch of 
the Internal Mammary Artery 


C. Schmid, MD, B. Heublein, MD, S. Reichelt, MD, and H. G. Borst, MD 


Division of Thoracic and Cardiovascular Surgery, Departments of Surgery and Radiology, Hannover Medical School, Hannover, 


West Germany. 


We report on a patient with postoperative mammary 
artery steal resulting from a parallel branch of the vessel 
as well as from a patent first left intercostal artery, both 
of which had not been divided. The patient was cured of 
angina pectoris after embolization of both vessels. 

(Ann Thorac Surg 1990;50:463-4) 


Ae pectoris occurring after coronary bypass graft- 
ing using the internal mammary artery may be 
caused by a variety of mechanisms [1, 2]. Aside from 
imperfect anastomoses, rare cases of postoperative angina 
have been reported to result from an arterial steal phe- 
nomenon owing to intercostal and pericardial branches of 
the mammary artery remaining after incomplete harvest- 
ing. Also, stenosis of the left subclavian artery and con- 
genital anomalies of the brachiocephalic vessels may 
contribute to inadequate coronary perfusion [3-7]. 

We examined a patient with a parallel branch of the left 
internal mammary artery and an undivided first intercos- 
tal artery branch leading to a coronary artery steal syn- 
drome and angina pectoris after coronary bypass grafting. 


A 58-year-old man underwent coronary bypass grafting 
for anginal pain on April 12, 1988. The left internal 
mammary artery was anastomosed to the oceluded left 
anterior descending artery, and four venous connections 
to the right coronary and the circumflex artery systems 
were made. Soon after operation, moderate angina re- 
curred. An electrocardiogram taken with the patient ex- 
ercising showed clinically significant ST segment depres- 
sion. A second angiography on April 6, 1989, showed a 
coronary artery status in accordance with the preoperative 
findings with all grafts patent. However, injection of 
contrast medium into the mammary artery,orifice demon- 
strated a large second vessel coursing in parallel with the 
artery used for revascularization that obviously had not 
been discovered during harvest. The vessel arose from a 
common trunk 7 cm distal to its origin from the subclavian 
artery. It did not give off branches but communicated with 
the left epigastric artery. Furthermore, an intact first 
intercostal branch was opacified (Fig 1). In the late phase 
of the contrast medium injection, a mammary artery steal 
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phenomena with retrograde blood flow from both mam- 
mary artery branches as well as from the left anterior 
descending artery occurred. 

Both vessels were occluded by embolization. A special 
7F catheter was directed toward the mammary artery 
though the left femoral artery followed by a smaller 
catheter inserted into the vessels to be occluded. Self- 
expanding coils (Tracker 18, flower coils; Target Thera- 
peutics, San Jose, CA) of 2- and 3-mm diameter were then 
pushed through the catheter ‘and placed into the parallel 
branch of the mammary artery and into the first branch of 
the intercostal artery, respectively. Both vessels occluded 
spontaneously during the procedure (Figs 2, 3). The 
patient was discharged free of anginal pain 3 days after 
embolization and has remained asymptomatic since then. 


Comment 


The use of internal mammary arteries for operative revas- 
cularization in ischemic coronary artery disease now has 
become a standard procedure. However, occasional poor 
clinical results have been attributed to inadequate flow, 
generally considered to result from an internal mammary 
artery graft of inadequate small caliber [1, 2]. 

In rare cases, inadequate myocardial perfusion may be 
caused by steal phenomena. Pelias and DelRossi [4] and 
Singh and associates [5, 6] reported flow diversion into 
undivided intercostal and pericardial branches leading to 
severe angina during exercise. Singh and associates found 
a reduction of up to 50% in the luminal diameter of the 
distal internal mammary artery in these patients, which 
was interpreted as a result of low pressure in that vessel 
[6, 8, 9]. In contrast, in the studies of Ivert and colleagues 
[10] and of Kuttler and co-workers [11], side branches of 
the internal mammary artery overlooked at the time of 
operation neither caused angina pectoris nor influenced 
patency. 

All reported cases of angina due to a mammary artery 
steal syndrome after coronary revascularization were 
treated by interruption of the responsible vessels during 
reoperation with prompt disappearance of the anginal 
symptoms. In our patient, division of the parallel branch 
of the mammary artery through the left parasternal inter- 
costal route would have been unproblematic. However, a 
thoracotomy would have been required to obliterate the 
first intercostal branch. To avoid a major operation, both 
vessels were therefore occluded by transarterial catheter 
embolization. The small self-expanding coils were easily 
introduced into the remaining mammary artery as well as 
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Fig 1. Angiogram taken before embolization showing the bypassed mam- 
mary artery (left) and the persisting parallel vessel (right). Three left in- 
tercostal arteries are filled through the undivided first intercostal artery. 


into the first branch of the intercostal artery by a standard 
femoral artery approach. 

This report of a parallel branch of the left internal 
mammary artery undivided during the harvest of its 
neighboring vessel emphasizes the importance of careful 
and meticulous harvesting of the internal mammary ar- 
tery. All side branches should be divided, and the dissec- 
tion should be continued to the point at which the artery 
appears under the subclavian vein to avoid competitive 
blood flow, which may spoil the result of an otherwise 
adequate operation. Transarterial catheter embolization 





Fig 2. View after embolization showing persisting common mammary 
artery trunk and patent first intercostal artery, which has been embolized. 
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Fig 3, Angiogram taken after embolization showing the mammary 
artery bypass graft and the coils in the thrombosed parallel branch. 


has proved to be a safe and efficient method for oblitera- 
tion of undivided vessels resulting in a mammary artery 
steal syndrome. 
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Silastic Prosthesis Plombage for Right 


Postpneumonectomy Syndrome 
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In rare instances, right pneumonectomy can produce 
progressive exertional dyspnea and reduce ventilatory 
reserve because of extreme mediastinal shift (right post- 
pneumonectomy syndrome). The diagnosis can be made 
by bronchoscopy and computed tomography. We report 
a case of a 43-year-old patient in whom plombage with 
two Silastic breast implants produced mediastinal dero- 
tation and symptomatic relief of this syndrome. 

(Ann Thorac Surg 1990;50:465-6) 


I rare instances, agenesis or excision of the right lung 
can produce a constellation of clinical findings referred 
to as the right pneumonectomy or postpneumonectomy 
syndrome. These findings consist of rightward deviation 
of the mediastinum, compression of the trachea or left 
main bronchus by underlying vascular or osseous struc- 
tures, and variable degrees of tracheomalacia. Clinically, 
this syndrome is characterized by progressive dyspnea 


(primarily on exertion), stridor, and recurrent pulmonary - 


infections with eventual respiratory failure and death if 
untreated. 


A 43-year-old woman underwent a right pneumonectomy 
on December 3, 1985, for a centrally placed 3.3-cm ade- 
nocarcinoma of her right lung. She had no evidence of 
metastatic disease and received no further therapy. Ap- 
proximately 6 months later, paroxysmal dyspnea on exer- 
tion and stridorot:s breathing not associated with cough, 
sputum production, or hemoptysis developed. Although 
the patient felt that her symptoms were positional, she 
could not consistently describe a posture in which she felt 
free of dyspnea. As the frequency and severity of these 
episodes increased, she was taken to an emergency de- 
partment several times, treated with oxygen and bron- 
chodilators, and released. Pulmonary function testing 
showed moderate restriction and minimal obstruction 
with a considerab:y elevated airway resistance. Her chest 
roentgenogram demonstrated a shift of the trachea and 
mediastinum to the right hemithorax with overdistention 
of the left lung. 

On May 14, 1987, she had a severe paroxysm of 
dyspnea requiring endotracheal intubation. Bronchos- 
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copy demonstrated extrinsic compression of her left main 
bronchus 4 cm from the carina resulting in a luminal 
diameter of 3 to 4 mm. Subsequent attempts to wean her 
from the ventilator were unsuccessful despite broncho- 
dilators and methylprednisolone therapy. Computed to- 
mography on May 17, 1987, showed rightward mediasti- 
nal shift with compression of the left main bronchus over 
the vertebral column by the great vessels (Fig 1). There 
was no evidence of recurrent carcinoma. 

With the premise that the extreme mediastinal shift had 
produced extrinsic obstruction of her left main bronchus 
by traction over the vertebral column and aorta, she 
underwent a right exploratory thoracotomy on May 21, 
1987. Dense adhesions were encountered with the medi- 
astinum adjacent to the right lateral chest wall. Mobilization 
of the mediastinum was accomplished, and a pericardio- 
pexy was performed by suture fixation of the right-sided 
pericardium to the anterior thoracic wall. Two Silastic 
(Dow Corning Corp, Midland, MI) prosthetic implants 
(900 and 110 mL volume) were introduced into the right 
hemithorax to prevent any recurrent rightward mediasti- 
nal shift. Peak ventilatory pressures decreased from 26 to 
21 cm H,O during the procedure. 

Postoperative bronchoscopy showed improvement of 
her airway diameter, and she was extubated on the 
second postoperative day without difficulty. A follow-up 
computed tomogram showed fixation of mediastinal 
structures in the midline with relief of left bronchial 
obstruction (Fig 2). She was discharged 12 days later. 
Follow-up spirometry showed an improvement in hyper- 
inflation reflected by diminished forced vital capacity and 
forced expiratory volume at one second. A marked im- 
provement was noted in maximum forced expiratory 
flow, maximum forced inspiratory flow, airway resis- 
tance, and maximal voluntary ventilation. 


Comment 


The right postpneumonectomy syndrome has been de- 
scribed as a rare complication of pneumonectomy. Adams 
and colleagues [1] and Szarnicki and co-workers [2] de- 
scribed tracheobronchial compression by this mechanism 
leading to respiratory insufficiency in children. Wasser- 
man and associates [3] reported the case of a patient in 
whom exertional dyspnea associated with extreme right- 
ward and posterior mediastinal shift, overdistention of 
the left lung, and compression of the left lower lobe 
bronchus over the thoracic spine developed after pneu- 
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RIGHT POSTPNEUMONECTOMY SYNDROME 





Fig 1, Preoperative computed tomogram showing compression of the 
left main bronchus by the aorta and vertebrae (arrow). 


monectomy. Shepard and colleagues [4] later delineated 
the clinical and radiological signs of the right ppeumonec- 
tomy syndrome as follows: (1) compression of the trachea 
or of the left main bronchus (demonstrable on fluoroscopy 
while coughing), (2) rightward mediastinal shift, (3) over- 
distention of the left lung, (4) counterclockwise rotation of 
the heart and great vessels, and (5) tracheomalacia. All 5 
patients in their series were diagnosed by computed 
tomography, fluoroscopy, and bronchoscopy. In our pa- 
tient, obstruction of the left main bronchus was demon- 
strated by bronchoscopy. Chest computed tomography 
showed bronchial compression between the pulmonary 
artery anteriorly and the aorta and vertebral column 
posteriorly. 

Surgical therapy for the right pneumonectomy syn- 
drome is directed toward correcting the tracheobronchial 
compression and diminishing the extreme mediastinal 





Fig 2. Postoperative computed tomogram after derotation and relief of 
bronchial compression. Two Silastic breast prostheses have been placed 
in the right pleural space. 
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shift and rotation. Simple lysis of the adhesions with 
instillation of saline solution, plasma, and 25% albumin in 
1 patient met with recurrence [3]. Pexis of the mediasti- 
num, pericardium, or left pulmonary artery to the anterior 
chest wall to relieve compression led to recurrence in 2 of 
6 patier.ts [1, 3]. Division of the aortic arch with placement 
of a Dacron prosthesis to relieve compression of the 
trachea was successful in 1 patient [2]. Right phrenectomy 
(or crushing) has failed [3]. In 1975, Wasserman and 
colleagues [3] used four Silastic breast implants with good 
results. The same year Powell and associates [5] described 
the use of a Silastic breast prosthesis and several testicular 
prostheses in an infant. We report the successful use of 
two Silastic breast implants to obliterate the pneumonec- 
tomy space. These implants are available in various sizes 
and adapt to irregular shapes with little possibility of 
migration or erosion. 

Progression of respiratory insufficiency after right 
pneumonectomy should be investigated by computed 
tomography to evaluate possible compression of the tra- 
cheobronchial tree by vascular structures. It can help rule 
out recurrent disease in pneumonectomies performed for 
lung cancer. Bronchoscopy can demonstrate the level of 
obstruction and the degree of tracheomalacia. Fluoros- 
copy may demonstrate tracheal or left main bronchial 
collapse on coughing. Spirometry and airway resistance 
measurements may assist in demonstrating the evolving 
airway obstruction caused by this syndrome. Mediastinal 
mobilization and pexis combined with Silastic implanta- 
tion of the pneumonectomy space offers a safe and 
effective form of treatment. 


We wish to thank Shelley Pohs for secretarial assistance. 
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Tubular Supravalvar Aortic Stenosis: Replacement 


of Ascending Aorta in a Young Patient 
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The diffuse form of supravalvar aortic stenosis represents 
a surgical challenge when ascending aorta and proximal 
aortic arch are involved. We describe a technique per- 
formed on a 14-year-old patient with normal aortic annu- 
lus and severe diffuse supravalvar aortic stenosis in 


he usual surgical repair in discrete forms of supraval- 
var aortic stenosis consists of an aortotomy incision 
across the fibrous ring and insertion of a prosthetic graft 
across the narrowed area. Patients with the diffuse hy- 
poplastic type of supravalvar aortic stenosis involving the 
ascending aorta and aortic arch require a more aggressive 
surgical treatment to completely relieve aortic obstruction. 
This report describes a new procedure for surgical correc- 
tion of diffuse supravalvar aortic stenosis with normal 
aortic annulus. 


A 14-year-old male patient, mentally retarded with “elfin- 
like” facies as described by Williams and co-workers [1], 
complained of angina pectoris on moderate exercise 
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which the replacement of ascending aorta and proximal 
aortic arch with a tubular prosthetic graft completely 
relieved the obstruction as confirmed by cardiac catheter- 
ization. 

(Ann Thorac Surg 1990;50:467-8) 


(walking uphill) during the last year. On examination, he 
had a 4/6 systolic murmur radiating to the neck vessels, 
and the electrocardiogram showed a severe left ventricu- 
lar hypertrophy with T wave inversion in the left precor- 
dial leads. A severe narrowing of the whole ascending 
aorta with a normal aortic annulus and a severe left 
ventricular hypertrophy with a peak gradient of 240 mm 
Hg were demonstrated by two-dimensional echocardiog- 
raphy, cardiac Doppler echocardiography, and angiogra- 
phy (Fig 1). 

Cardiopulmonary bypass was established and cardio- 
circulatory arrest was performed at 15°C; neck vessels and 
ascending aorta were clamped, and St. Thomas H crystal- 
loid cardioplegia was administered. 


Fig 1. Preoperative angiographic demonstration of dif- 
fuse supravalvar aortic stenosis. 
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Fig 2. Postoperative angiographic demonstration of the 
surgical correction. 


After the aortic clamp was released, a vertical aortot- 
omy was performed across the fibrous ring, extending 
into the noncoronary sinus of Valsalva nearly to the aortic 
valve annulus. 

The aortic valve cusp was asymmetric but without any 
stenosis, and the aortic wall was extremely thickened. 
Because of the severity of the lesions in the ascending 
aorta, we decided to replace it entirely with a 22-mm 
Dacron graft (De Bakey woven) that was preclotted with 
albumin, autoclaved, and steamed at 140°C for 5 minutes. 

The distal ascending aorta just before the origin of the 
brachiocephalic trunk was completely cut, and the inci- 
sion was prolonged across the concavity of the aortic arch 
to the origin of the left subclavian artery. The Dacron graft 
was sutured to this large opening with a continuous 5-0 
Prolene suture (Ethicon, Somerville, NJ). Cardiopulmo- 
nary bypass was subsequently restarted, and the neck 
vessel was reperfused after the air purge. Then, with the 
graft clamped, proximal anastomosis was started posteri- 
orly just above the valve commissure and the left coronary 
artery origin after resection of the fibrous ring. Anteriorly, 
the graft was cut with a long and small rounded tip and 
was sutured to the aortotomy that extended into the 
noncoronary sinus. The graft was unclamped, and the 
patient was rewarmed. Cardiopulmonary bypass was 
interrupted without any pharmacological support. No 
residual gradient between the left ventricle and left radial 
artery was detected. The patient was dismissed on the 
15th postoperative day in good clinical condition and 
without medications (Fig 2). 

Hemodynamic evaluation performed 8 months after 
operation showed no pressure gradient and no residual 
stenosis of the large ascending aorta. The patient is now 
asymptomatic and in good physical condition. Chest 
roentgenography showed a marked reduction in heart 
size. 
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Comment 


The surgical relief of the discrete form of supravalvar 
aortic stenosis usually consists of fibrous ring resection 
and insertion of a gusset of prosthetic material across the 
narrowed area as proposed by McGoon [2], Starr [3], Doty 
[4], and colleagues. 

In diffuse forms with severe hypoplasia of the ascend- 
ing aorta, it has to be emphasized that the extreme 
thickness of the aortic wall makes almost virtual the 
lumen of the ascending aorta. Repair by conventional 
techniques requires the insertion of a very large patch that 
is difficult to design and needs long vascular sutures on 
pathological tissues. The early mortality is still high in 
these forms and midterm results are disappointing. 

When an aortic annulus hypoplasia coexists with sup- 
ravalvar aortic stenosis, or in very young patients, it is 
possible to insert a valved prosthetic conduit from the 
apex of the left ventricle to the thoracic descending aorta 
as we have done in 4 patients. Therefore, when the aortic 
annulus is normal, we believe that total replacement of 
the ascending aorta and proximal portion of aortic arch 
according to the technique described would be the ideal 
solution because it completely eliminates all the patholog- 
ical tissues and the residual pressure gradients. 


References 


1. Williams JCP, Barratt-Boyes BG, Lowe JB. Supravalvular aortic 
stenosis. Circulation 1961;24:1311-8. 

2. McGoon DC, Mankin HT, Vlad P, Kirklin JW. The surgical 
treatment of supravalvular aortic stenosis. J Thorac Cardio- 
vasc Surg 1961;41:125-33. 

3. Starr A, Dotler C, Criswold H. Supravalvular aortic stenosis: 
diagnosis and treatment. ] Thorac Cardiovasc Surg 1961;41: 
134-40. 

4. Doty DB, Plansky DB, Jenson CB. Supravalvular aortic steno- 
sis: repair by extended aortoplasty. J Thorac Cardiovasc Surg 
1977;74:362-71. 


Fatal Ectopic Thymoma 
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We present the case of a patient who died of thymoma- 
induced immunological dysfunction. The neoplasm was 
unsuspected antemortem because of its location adjacent 
to the right hemidiaphragm. This appears to be the most 
caudad ectopic position yet encountered for a thymoma. 

(Ann Thorac Surg 1990;50:409-70) 


hymoma is the most common anterior mediastinal 

tumor [1]. Ectopic location occurs rarely, though 
cervical [2], cardiac [3], and intrapulmonary [4] sites have 
been reported. In such cases the possibility of thymoma 
may not be considered until an operation or autopsy 
determines the diagnosis. We describe a patient with a 
fatal acquired immunological disorder due to an ectopic 
thymoma not diagnosed until autopsy. 


An 82-year-old woman was seen with recurrent herpetic 
infections for several years and diarrhea for 1 vear, and 
with a 25-kg weight loss. Previous extensive evaluation 
elsewhere had failed to identify the cause of her illness. 
Physical examination showed a cachectic woman with 
extensive mucocutaneous candidiasis but was otherwise 
unrevealing. Admission laboratory values included a 
hematocrit of 0.33 (normal, 0.36 to 0.44), white blood cell 
count of 10.3 x 107/L (10,300/uL) (normal, 4.5 to 10 x 
10°/L), total protein level of 39 g/L (3.9 g/dL) (normal, 65 to 
85 g/L), and albumin level of 24 g/L (2.4 g/dL) (normal, 35 
to 48 g/L). An immunoglobulin electrophoresis showed 
hypogammaglobulinemia with an immunoglobulin G 
level of 2.8 g/L (280 mg/dL) (normal, 8 to 18 g/L), an 
immunoglobulin A level of 0.62 g/L (62 mg/dL) (normal, 
0.90 to 4.5 g/L), and an immunoglobulin M level øf 0.31 
g/L (31 mg/dL) (normal, 0.7 to 2.8 g/L). The patient was 
anergic to purified protein derivative/mumps skin testing, 
and the ratio of helper (T4) to suppressor (T8) lympho- 
cytes in peripheral blood was 0.99 (normal, 2.2 + 0.78). 
The chest roentgenogram on admission showed oblitera- 
tion of the right cardiophrenic angle. This was initially 
believed to be most consistent with a pericardial cyst, but 
computed tomography showed a mass with soft tissue 
density, apparently arising from the dome of the right 
hemidiaphragm and adjacent to the right cardiac margin 
(Fig 1). The possibility that this represented normal he- 
patic tissue within a diaphragmatic hernia was then 
entertained but was eliminated by normai liver-spleen 
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scan. Parenteral nutrition was begun, but fulminant cath- 
eter-related sepsis (Staphylococcus aureus) developed sev- 
eral days later and the patient died before further evalu- 
ation could be performed. 

Autopsy showed the lesion to be a pedunculated, 
round, encapsulated mass. It weighed 120 g, arose from 
the right lower mediastinum, and measured 7.5 x 6 x 3.5 
cm (Fig 2). The cut surface showed pink, fleshy paren- 
chyma divided by thick fibrous septa. Microscopic exam- 
ination of the tumor disclosed an encapsulated thymoma 
(Fig 3) with scant lymphoid tissue and a few abortive 
Hassall’s corpuscles. Typical inclusions of cvtomegalovi- 
rus were seen in esophageal mucosa. Candida albicans 
grew from stool, nose, and duodenum, and S aureus was 
cultured from both blood and the central intravenous 
catheter site. The patient was judged to have died as a 
consequence of immune deficiency caused by the thy- 
moma. 


Comment 


Thymomas seen outside the anterior mediastinum are 
rare. In a review of 65 cases, Salyer and Eggleston [2] 
noted only one instance, which was in a cervical location. 
Intrathoracic metastasis from invasive thymoma is not 
uncommon [1], but this is unlikely to be confused with a 
benign thymoma as in the current example. A patient 
with a pedunculated thymoma arising from the lower left 
mediastinum has been reported by Kapian and co- 





Fig 1. Computed tomographic image revealing mass (large arrow) 
adjacent to heart. Small arrow indicates pedicle. Images immediately 
caudad show that she tumor abuts diaphragm, 
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Fig 2. Autopsy view. The pointer rests on the anterior surface of the 
liver and its tip overlies the thymoma. The right lung is superior to 
the tumor and the heart is to its left. 


workers [5], and Brown and colleagues [6] mentioned a 
nonpedunculated thymoma abutting the right heart bor- 
der. In the current patient the ectopic location was so 
caudad that a herniated intraabdominal viscus (liver) was 
a working diagnosis. 

Thymoma is often detected by chest roentgenography 
[2, 6], but computed tomography has assumed a domi- 
nant role in the evaluation of the thymus because of its 
excellent ability to demonstrate important anatomical re- 
lationships [6, 7]. In the patient reported by Kaplan and 
co-workers, computed tomography demonstrated the 
pedicle attached to the thymoma, aiding in the diagnosis. 
Gallium scan can also be valuable [5]. 

In our patient, the immunological dysfunction was 
obvious to the involved clinicians, who were also well 
aware of the several syndromes linking thymic disorders 
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Fig 3. Photomicrograph showing neoplastic epithelial thymoma cells 
with pale nuclei admixed with small lymphocytes. (Hematoxylin and 
eosin, X 1300 before 50% reduction.) 


and T cell abnormality [1]. Although a mass was identi- 
fied by chest roentgenography and computed tomogra- 
phy, the correct diagnosis was not considered antemor- 
tem because of the location of the tumor. Diagnostic delay 
was also noted in 25% of the patients in a recent Mayo 
Clinic series [6]. We hope that this case report, which 
highlights some of the difficulties encountered in making 
the diagnosis of ectopic thymoma, will increase aware- 
ness of this rare entity. This is important as surgical 
therapy can be curative. A high index of suspicion, 
together with appropriate imaging tests, is essential in 
diagnosing this potentially fatal lesion. 
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Intramural Ventricular Fibroma in Infancy: Survival 


After Partial Excision in 2 Patients 
Eric L. Ceithaml, MD, Frank M. Midgley, MD, Lowell W. Perry, MD, and 


Mercedes K. Dullum, MD 
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Two infants with ventricular fibromas survived partial 
resection and have had satisfactory clinical results for 
more than 4 years. Partial excision is warranted when an 
unresectable tumor produces hemodynamic compro- 
mise. Long-term survival can be expected without com- 
plete resection. 

(Ann Thorac Surg 1990;50:471-2) 


Pp cardiac tumors in infancy and childhood are 
rare, with rhabdomyoma and fibroma being the two 
most frequently encountered. Although cardiac fibromas 
are characteristically benign intramural tumors, they may 
exhibit expansile growth resulting in obstruction, valvar 
dysfunction, and arrhythmia. 

Early diagnosis has led to successful surgical excision in 
a number of cases [1-6]. Although complete excision 
should always be aggressively pursued, extensive growth 
in many patients has made complete excision impossible 
[7, 8]. 

This report details 2 infant patients with intramural 
ventricular fibroma in whom extensive growth precluded 
complete excision. Partial resection of hemodynamically 
obstructive tumor resulted in survival and satisfactory 
long-term clinical courses in both patients. 


Case Reports 


Patient 1 


An asymptomatic 2-month-old girl with a loud systolic 
murmur was referred for evaluation. The infant exhibited 
normal growth and development. Her chest roentgeno- 
gram was normal. An electrocardiogram showed indeter- 
minate frontal plane axis with a right ventricular conduc- 
tion delay pattern. Echocardiography showed dilatation 
and thickening of the right ventricle with a tumor mass 
obstructing the right ventricular outflow tract. At cardiac 
catheterization, a 45-mm Hg pressure gradient across the 
tumor mass was identified. Cineangiography showed a 
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nonvascular tumor mass involving the crista supraventric- 
ularis that extended along the anteromedial aspect of the 
right ventricular outflow tract. 

Exploration performed through a median sternotomy 
exposed a white, firm, multilobulated tumor mass pro- 
truding anteriorly from the infundibular region involving 
approximately two thirds of the right ventricular free wall. 
This mass extended beneath the left anterior descending 
coronary artery and to within 1 cm of the right coronary 
artery (Fig 1). Because of the extensive nature of this 
tumor, a partial excision of the obstructing portion of the 
tumor mass was performed on cardiopulmonary bypass 
through a transverse, inferior right ventriculotomy. The 
pressure gradient across the obstructing tumor was re- 
duced to 5 mm Hg after resection. 

The infant recovered uneventfully and has remained 
asymptomatic at follow-up 3% years later. Doppler echo- 
cardiography performed at that time showed a peak 
systolic flow gradient of 35 mm Hg across the right 
ventricular outflow tract. No substantial increase has been 
noted in the size of the residual tumor mass. 


Patient 2 

A 3-month-old infant was evaluated for a murmur. Two- 
dimensional echocardiography demonstrated a right ven- 
tricular outflow tract mass. Cardiac catheterization 
showed an elevated right ventricular pressure (45/3 mm 
Hg) with a 25-mm Hg peak systolic gradient across the 
partially obstructing tumor mass. Multiple endocardial 
biopsies failed to establish a histological diagnosis; how- 
ever, exploratory sternotomy was performed not only to 
establish the diagnosis but also to evaluate the possibility 
of resection. 

At operation, a firm, white intramural tumor mass was 
noted to be underlying the right coronary artery, displac- 
ing the entire pulmonary valve annulus laterally to the 
left. Cardiopulmonary bypass with deep hypothermia 
was established, and further evaluation of the extent of 
tumor was performed through a vertical main pulmonary 
arteriotomy. The tumor was noted to involve the upper 
portion of the interventricular septum. It was determined 
that the extensive nature of this tumor precluded total 
excision. Therefore, the obstructing portion of the tumor 
in the right ventricular outflow tract was resected through 
the pulmonary arteriotomy. 

Follow-up 4 years 8 months postoperatively showed the 
child to be asymptomatic with normal growth and devel- 
opment. Doppler echocardiography was used to measure 
a peak systolic pressure gradient of 16 mm Hg across the 
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Fig 1. Tumor bulk in right ventricular outflow tract displacing the 
coronary. vessels. 


right ventricular outflow tract with no increase in tumor 
mass noted. 


Comment 


Cardiac fibromas constitute approximately 25% of the 
primary cardiac tumors of infancy and childhood. These 
pathologically benign tumors are usually solitary and 
intramural in location, involving the ventricular free 
walls, interventricular septum, or both. 

Related symptoms occur frequently, with congestive 
heart failure being most common. Angina, syncope, and 
cyanosis have also been reported [1-3]. Sudden death 
occurred in 26% of the 31 children with cardiac fibromas 
collected in a review by Geha and associates [2]. Presum- 


ably, these deaths were related to tumor-induced arrhyth- - 


mias, although no premorbid electrocardiograms were 
reported in this group. 

Cardiac catheterization is used in conjunction with 
echocardiography to establish the diagnosis and to define 
the exact location and size of the tumor mass. The 
presence of hemodynamic compromise is also assessed. 

An operation is indicated in all patients with major 
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obstruction in whom the diagnosis is established. Com- 
plete excision should be attempted whenever feasible. 
Factors favoring an aggressive extirpative approach are 
the usual solitary nature of these benign tumors and their 
characteristic expansile growth, displacing rather than 
infiltrating the surrounding myocardium. 

Extensive tumor growth may preclude safe total exci- 
sion. In these cases, we advocate partial resection of the 
hemodynamically obstructing portion of the tumor mass. 
Successful partial excision of a cardiac fibroma was first 
reported in a 31-year-old patient by Reul and associates [8] 
in 1975 with a 4-year follow-up indicating the patient to be 
symptom-free. Two cases of incomplete resection of car- 
diac fibromas in children (aged 9 months and 6 years) 
were reported by Reece and co-workers in 1984 [6]. Both 
patients were reported to be asymptomatic 10 years after 
“debulking” procedures. These reports, combined with 
our present experiences, confirm that long-term survival 
can be achieved after satisfactory surgical palliation of 
cardiac fibroma. Prognosis, however, must be guarded in 
cases of incomplete resection because of the potential for 
the development of lethal cardiac arrhythmias related to 
continued tumor growth. 
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Congenital bronchoesophageal fistulas in the adult age 
group are rare, with only approximately 20 cases having 
been recognized. All of these cases have been an isolated 
esophageal anomaly without other associated esophageal 
pathology. We present an interesting case of am adult 
with both symptomatic congenital bronchoesophageal 
fistula and proximal esophageal web. 

(Ann Thorac Surg 1990;50:473-5) 


47-year-old woman was well until 3 years before 

admission at Indiana University Hospital. At that 
time she began experiencing recurrent episodes of bron- 
chitis. Approximately 1 year after the onset of her pulmo- 
nary symptoms, she noted dysphagia when eating solid 
foods and occasionally while drinking fluids. An esoph- 
agogram demonstrated a benign-appearing “weblike” 
stricture located in the middle third of the intrathoracic 
esophagus. Esophagoscopy with biopsy confirmed a mu- 
cosal-lined circumferential web 14 cm proximal to the 
gastroesophageal junction with normal-appearing squa- 
mous mucosa throughout the remainder of the intratho- 
racic esophagus. The patient underwent a series of esoph- 
ageal dilations with symptomatic improvement. Six 
months before admission, however, she again noted 
frequent episodes of bronchitis, along with intermittent 
coughing spells, most notable after drinking liquids. Re- 
peat esophagogram demonstrated a bronchoesophageal 
fistula (BEF) between the mid-esophagus and the bron- 
chus intermedius (Fig 1). The esophageal web appeared to 
be restenosed and was located just proximal to the esoph- 
ageal origin of the fistula. Physical examination was 
remarkable only for a moderately obese woman who had 
frequent episodes of coughing during examination, as 
well as coarse rhonchi and expiratory wheezing auscul- 
tated in the right lower lung. 

Intraoperative bronchoscopy demonstrated a pinpoint 
fistula orifice in the posterior membranous wall of the 
bronchus intermedius. The patient then underwent a 
right thoracotomy through the fifth intercostal space. At 
the level of the sixth thoracic vertebra a BEF was identi- 
fied. The fistula was well circumscribed, of uniform diam- 
eter, and noninflamed; it was easily separated from the 
surrounding lung parenchyma by a layer of loose areolar 
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tissue. The entire fistula, from the mid-esophagus to the 
distal bronchus intermedius, was circumferentially dis- 
sected (Fig 2A). The fistula was stapled near the bronchial 
orifice and transected at the level of the esophagus. The 
proximal esophageal web was exposed by extending the 
esophagotomy approximately 2 cm cephalad (Fig 2B). The 
web was circumferentially excised. The esophageal mu- 
cosa was reapproximated and the esophagotomy was 
closed. Histological evaluation of the fistula revealed a 
tubular structure 8 mm in diameter with a nonkeratinized, 
stratified squamous epithelium and an adventitial layer 
(Fig 3A). The remainder of the wall was composed of 
fibrous tissue with disorganized bundles of smooth mus- 
cle and nervous tissue (Fig 3B). The patient had an 
uneventful recovery including a normal esophagogram on 
the 7th postoperative day. She remains completely 
asymptomatic 16 months postoperatively. 


Comment 


Congenital BEF first seen in adulthood is extremely rare, 
with approximately two dozen reported cases in the 





Fig 1. Esophagogram demonstrating web (large arrow) and broncho- 
esophageal fistula (small arrow). 
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BRONCHOESOPHAGEAL FISTULA WITH ESOPHAGEAL WEB 


B 


Fig 2. (A) Bronchoesophageal fistula (arrow) to the bronchus inter- 
medius after dissection (E = esophagus; V = vagus). (B) Esophageal 
web (arrow) found cephalad to the esophagotomy after excision of the 
bronchoesophageal fistula. 


literature [1-3]. Most commonly these fistulas have con- 
nections into a lobar or segmental bronchus; however, 
they occasionally communicate with sequestrated lung 
segment [4-7]. Various conditions have been proposed to 
explain the oftentimes late presentation including a ceph- 
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Fig 3. (A) Cross-section photomicrograph of bronchoesophageal fistula 
demonstratmig a well-differentiated, nonkeratinized, stratified 
squamous epithelium (large arrow) and an adventitial layer (small 
arrow). (Hematoxylin and eosin, X10.) (B) High-power photomicro- 
graph of fistula wall identifying fibrous tissue with disorganized bun- 
diles of smecoth muscle (large arrow) and nervous tissue (small ar- 
row). (Hematoxylin and eosin, X51.2 before 3% reduction.) 


alad or nondependent relationship of the airway ostium 
to the esophageal ostium (N-shape), the presence of a thin 
mucosal membrane over the esophageal ostium that may 
act as a one-way valve, and compression of the fistula by 
peristalsis preventing drainage into the bronchus [1, 3, 7, 8]. 


PN 


Ann Thorac Surg 
1990;50:473-5 


Histologically, congenital BEFs have a well-organized, 
stratified squamous or bronchial epithelium, identifiable 
muscularis mucosa or smooth muscle within the wall, and 
absence of major surrounding inflammation [1, 2, 6, 8]. 
Lack of inflammation about the fistula is a typical finding 
which greatly facilitates dissection [7]. 

Our patient's clinical situation was unusual in that 
previously reported adult BEFs have occurred as an iso- 
lated esophageal anomaly. The presence of a proximal 
esophageal web associated with a rostrally directed BEF 
and a competent lower esophageal sphincter may account 
for this patient's late presentation. Gross and histological 
findings of the web and adjacent esophagus showed no 
evidence of inflammation or characteristics suggestive of 
peptic stricture. It is doubtful that reflux was related to the 
cause of the esophageal web in this case because of the 
absence of either symptomatology or pathological find- 
ings, normal-appearing squamous mucosa of the intratho- 
racic esophagus, and the relatively high intrathoracic 
location: We believe the BEF was congenital in nature for 
several reasons. First, although the pulmonary symptoms 
were seemingly exacerbated by esophageal dilation, bron- 
chitis of the right lower lobe was seen 1 year before the 
onset of dysphagia. Additionally, the fistula was well 
defined and easily dissected from the surrounding lung 
parenchyma. Finally, histological examination was consis- 
tent with a congenital origin. 

Congenital fistulas between the esophagus and tracheo- 
bronchial tree result from developmental abnormalities in 
the fetal foregut secondary to incomplete division of these 
structures during the first trimester in utero. In the 
pediatric age group, tracheoesophageal fistula is most 
commonly associated with proximal esophageal atresia. 
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Although preoperative esophageal manometry to detect 
any motor dysfunction was not done, the proximal esoph- 
ageal web in this patient may represent a forme fruste of 
esophageal atresia in the spectrum of congenital esopha- 
geal fistulas to the tracheobronchial tree seen in the adult 
age group [9, 10]. 
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A 9-year-old boy with heart failure and long-term inces- - 


sant atrial tachycardia mimicking dilated cardiomyopa- 
thy was treated surgically. Intraoperatively he was found 
to have atrial aneurysm, and the ectopic automatic focus 
was located at the base of it. Excision of the aneurysm 
including the focus without using cardiopulmonary by- 
pass cured the tachycardia and heart failure. 

(Ann Thorac Surg 1990;50:476-8) 


o focal atrial tachycardia is a rare arrhythmia and 
causes cardiac failure mimicking dilated cardiomyopa- 
thy [1-3]. This report describes a case of preoperatively 
diagnosed incessant atrial tachycardia with ectopic auto- 
matic focus, which was associated with right atrial aneu- 


rysm. 


A 9-year-old boy who had been suffering from incessant 
tachycardia was admitted to our hospital with symptoms 


Fig. 1. Electrocardiogram (a) at 9 a 
months of age, (b) on admission, and 
(c) after operation. (HR = heart 
rate.) 


HR=210/min 
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of palpitation and dyspnea. He was referred with a 
diagnosis of dilated cardiomyopathy with long-standing 
supraventricular tachycardia and cardiomegaly. On ad- 
mission he was orthopneic with a respiratory rate of 
28/min, heart rate of 130/min, and blood pressure of 90/70 
mm Hg. Physical examination showed hepatomegaly, 
peripheral edema, and a gallop rhythm with a grade 2/6 
holosystolic murmur at the apex on heart auscultation. 
Chest roentgenogram revealed pulmonary congestion, 
bilateral pleural effusion, and marked cardiomegaly with 
a cardiothoracic ratio of 0.72. Electrocardiogram on admis- 
sion showed supraventricular tachycardia with a rate of 
100 to 200 beats/min, which was essentially the same as 
the one seen when he was 9 months old (Figs la, b). 
Echocardiography exhibited no structural abnormality ex- 
cept for markedly reduced left ventricular contractility 
with fractional shortening of 0.15. Catheterization of the 
heart disclosed no intracardiac shunt or obstruction. Left 
ventriculography confirmed an extremely dilated ventricle 
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and poor contractility with an end-diastolic volume index of 
205 mL/m? and ejection fraction of 0.16. 

At electrophysiological study for the evaluation of su- 
praventricular tachycardia, rapid atrial pacing at a rate 





Fig. 3. Intraoperative epicardial mapping. The earliest activatien site 
is at the base of the largest aneurysm. (Ao = aorta; IVC = inferior 
vena cava; RV = right ventricle; SVC = superior vena cava.) 
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Fig, 2. Intraoperative view of right 

atrial aneurysm. Note the three sac- 
cular aneurysms. (an = aneurysm; 

pr = probe used for mapping; RV = 
right ventricle.) 


faster than his own atrial rhythm captured the atrium, but 
on the termination of pacing, the tachycardia immediately 
resumed without the intervention of sinus rhythm, and it 
had a “warm-up” phenomenon with a cycle length of 
490-430-380-350 ms. Therefore the tachycardia was diag- 
nosed to be automatic. By endocardial mapping, the 
earliest activation site was located at the anterior wall of 
the right atrium. After the electrophysiological study, it 
was concluded that the underlying disease of this patient 
was not cardiomyopathy but incessant automatic atrial 
tachycardia. To eliminate the tachycardia, surgical exci- 
sion of the ectopic automatic focus was indicated. 

When the pericardium was opened, aneurysm forma- 
tion was found on the right atrium between the anterior 
wall and the appendage (Fig 2). There were three aneu- 
rysms, and the largest one was 3.2 cm in diameter. 
Epicardial mapping localized the focus of the tachycardia 
at the base of the largest aneurysm (Fig 3). Excision of 
aneurysms together with the focus was done without 
cardiopulmonary bypass. The tachycardia ceased imme- 
diately and sinus rhythm emerged (Fig Ic). This was the 
first time that the sinus rhythm had ever been recorded in 
this patient. 

Histological examination revealed that the wall of the 
aneurysm was composed of one or two strands of cardiac 
muscle with epicardial fibrosis and endocardial fibroelas- 
tosis. A group of small cells was found at the site of the 
earliest atrial activity. It resembled a structure of sinus 
node, and was considered the ectopic automatic focus. 

The patient had an uneventful postoperative course 
with normal sinus rhythm and was discharged from the 
hospital in a good condition. Left ventricular contractility 
improved gradually after the operation, and at the nine- 
teenth postoperative month, the left ventricular ejection 
fraction was 0.62 and the fractional shortening was 0.33 


478 CASE REFORT MIYAMURA ET AL 
ATRIAL TACHYCARDIA WITH ANEURYSM 


by echocardiography. Cardiomegaly disappeared and the 
cardiothoracic ratio dropped to 0.48. The patient has been 
asymptomatic without any medication. 


Comment 


There are some reported cases of atrial aneurysm associ- 
ated with atrial tachycardia [4, 5], but the mechanism has 
not been fully evaluated yet. Olsson and associates [1] 
reported a case of incessant ectopic atrial tachycardia with 
right atrial aneurysm that was very similar to our case, but 
in that case it was not confirmed whether the tachycardia 
was due to automaticity or reentry circuit. The tachycardia 
in our patient could not be terminated by overdrive atrial 
pacing. The overdrive pacing captured the atrium, but on 
termination of pacing, the tachycardia resumed immedi- 
ately without intervention of sinus rhythm, and the 
electrocardiogram showed “warm-up” phenomenon. The 
earliest activation site was localized at the anterior wall of 
the right atrium by endocardial mapping. Hence the 
tachycardia was diagnosed as ectopic automatic atrial 
tachycardia. 

The histological structure of the earliest activation site 
showed a resemblance to sinus node. The aneurysm in 
our patient was a true aneurysm, and the causal correla- 
tion between the aneurysm and the small cells at the focus 
is unclear. The clinical presentation of the reported cases 
of Varghese and co-workers [5] and Olsson and associates 
[1] have a number of similarities to the present case: (1) 
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multiple true atrial aneurysms, (2) incessant ectopic atrial 
tachycardia, (3) no intracardiac abnormality, and (4) 
tachycardia since near birth that was congenital. There- 
fore, the combination of these clinical pictures may con- 
stitute a new syndrome. As heart failure can be cured by 
cessation of tachycardia [6], children with poor cardiac 
function mimicking cardiomyopathy should be carefully 
examined, and an electrophysiological study is essential 
for accurate diagnosis. 
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Surgical Repair of Type II Truncus Arteriosus 


Without a Conduit 


Baljit K. Sharma, MD, Michele Pilato, MD, and David A. Ott, MD 
Department of Cardiovascular Surgery, Texas Heart Institute at St. Luke’s Episcopal Hospital, Houston, Texas 


A technique for reconstructing the right ventricular out- 
flow tract.in an infant with type II truncus arteriosus 
without using a prosthetic conduit is described. The 
truncal root is transected, and the confluence of branch 
pulmonary arteries is brought anterior to the aorta by 
using Lecompte’s maneuver. The aorta is then recon- 
structed directly with an end-to-end anastomosis. The 
right ventricular outflow tract is reconstructed by anasto- 


Ihe operative procedure for truncus arteriosus has 

changed little since McGoon and associates [1] first 
described homograft-valved conduit repair in 1967. The 
surgical treatment of truncus arteriosus in infants still 
poses a serious challenge. Some surgeons have reported 
improved results of definitive repair in infants with the 
use of prosthetic valved conduits [2] and valveless con- 
duits [3]. However, all conduits are prone to becoming 
stenotic and to promoting endocarditis; in addition, valve 
failure is a problem in valved conduits [4]. When these 
complications occur, reoperation to replace the conduit is 
necessary. Even. though a second operation is successful 
in a majority of patients, they are at an increased risk of 
mortality and morbidity. Moreover, the possibility of 
recurring complications and the need for subsequent 
reoperations still exist [5]. 

The success of Lecompte’s [6] maneuver in reconstruct- 
ing the pulmonary outflow tract during the arterial switch 
procedure prompted us to use a similar technique to 
reconstruct the right ventricular outflow tract in a 16-day- 
old infant who had type II truncus arteriosus, high 
pulmonary blood flow, and low pulmonary vascular re- 
sistance. A report of this operation is described herein. 


Case History 


A 7-day-old female infant weighing 3.8 kg who had 
tachypnea, failure to thrive, signs of congestive heart 
failure, left-to-right shunting, and pulmonary vascular 
overload was examined. Echocardiography confirmed the 
diagnosis of truncus arteriosus. Cardiac catheterization, 
which was performed when the infant was 9 days of age, 
revealed truncus arteriosus (Collett and Edwards, type II) 
with a nonrestrictive ventricular septal defect and an 
aortic oxygen saturation of 91%. Because of persistent 
high pulmonary flow, low pulmonary vascular resistance, 
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mosing the posterior wall of the confluence directly to 
the apex of the vertical right ventriculotomy. A glutaral- 
dehyde-preserved pericardial patch is then placed ante- 
riorly to complete reconstruction of the right ventricular 
outflow tract. 


(Ann Thorac Surg 1990;50:479-81) 


and continued heart failure, early operation was recom- 
mended and undertaken when the child was 16 days of 
age. 


Technique 


The patient is placed on cardiopulmonary bypass using 
bicaval cannulation: one cannula is inserted through the 
right atrial wall, and a 10F aortic cannula is placed high on 
the ascending aorta or transverse arch. The patient is 
cooled to 24°C, during which time both pulmonary arter- 
ies are extensively mobilized as previously described [7]. 
The pulmonary arteries are temporarily clamped at their 
origin to avoid pulmonary overperfusion during cooling, 
and the ductus or ligamentum arteriosum is divided. The 
ascending aorta is then clamped, cardioplegic solution is 
injected, and bypass flow is reduced to 30 to 69 
mL - kg~? - min™'. The truncal root is then transected so 
that the pulmonary confluence is separated from the aorta 
(Fig 1A) and brought anterior to the aorta using Le- 
compte’s [6] maneuver (Fig 1B). The aorta is reconstructed 
with a direct end-to-end anastomosis using continuous 
monofilament suture [7]. A high vertical right ventriculo- 
tomy is made, and the supracristal ventricular septal 
defect is closed with a Dacron patch (Meadox Medicals, 
Oakland, NJ) extending to the apex of the ventriculotomy. 
The right ventricular outflow tract is then reconstructed 
by anastomosing the posterior wall of the pulmonary con- 
fluence to the apex of the right ventriculotomy. A dome- 
shaped hood of autogenous glutaraldehyde-preserved 
pericardium is created to connect the remainder of the 
pulmonary confluence to the ventriculotomy incision, 
thus forming a nonobstructive pathway for right heart 
output (Fig 1C). The patient is warmed at high flow rates 
and then weaned from cardiopulmonary bypass. Postop- 
erative management is based primarily on monitored left 
atrial pressure. 
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Fig 1. Surgical technique for repair 
of truncus arteriosus (see text). 


Comment 


We have used a modified Lecompte technique to repair a 
type II truncus arteriosus. The method does not require 
the use of a prosthetic conduit or valve and, thus, may 
help prevent some of the early and late complications 
associated with their use [2, 3, 7]. Besides reducing the 
risk of infectious complications, the technique may also 
reduce, or at least delay, the need for further operations, 
since the pulmonary outflow reconstruction should en- 
Jarge as the child grows. 

Our patient, a 16-day-old infant weighing 3.8 kg, had 
high pulmonary blood flow and low pulmonary vascular 
resistance. After operation, she required inotropic sup- 
port and treatment for congestive heart failure. The pa- 
tient was discharged from the hospital 34 days from the 
date of operation, and at the time she was taking only 
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digoxin. An echocardiogram obtained postoperatively 
showed pulmonary regurgitation with a small left to right 
shunt at the ventricular level. Most patients in whom a 
transannular patch has been used experience such pulmo- 
nary regurgitation, but this can be well tolerated for many 
years, and their response to exercise remains adequate if 
there is no clinically significant residual obstruction [8]. 
Lecompie [6], Weldon (in a discussion following the 
article by Ebert and co-workers [2]), Reid [9], and their 
associates have described similar techniques for recon- 
structing the right ventricular outflow tract by anastomos- 
ing the pulmonary artery directly to the right ventricle. All 
patients in Lecompte’s series had monocusp valves in- 
serted during the procedure, but 2 patients died of pul- 
monary regurgitation despite this fact. Lecompte and 
associates believe that continued investigation of different 


e 
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valves and better insertion methods is necessary. We did 
not use a valve in our patient, who has had no adverse 
effects. Likewise, the patient of Reid and associates [9] did 
not have a valve inserted, but their technique is for 
instances in which the pulmonary confluence arises from 
the left lateral margin of the aortic root. The method 
described herein can be used when the pulmonary con- 
fluence arises posteriorly. 

The advantages afforded by this technique may make it 
suitable for use in most cases of truncus arteriosus requir- 
ing operation in infancy. Evaluation of early results in a 
larger series of patients will be required to determine 
operative mortality, since the effect of an absent compe- 
tent pulmonary valve on early mortality is as yet undeter- 
mined. Finally, long-term follow-up of a series of patients 
who have undergone surgical repair with this method will 
be necessary to make a firm comparison of its effective- 
ness with that of the previously described techniques. 
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Diuresis in Hemodynamically Compromised 


Patients: Continuous Furosemide Infusion 


James A. Magovern, MD, and George J. Magovern, Jr, MD 
Department of Cardiothoracic Surgery, Allegheny General Hospital, The Medical College of Pennsylvania, Allegheny Campus, 


Pittsburgh, Pennsylvania 


We have used continuous infusion of furosemide to 
achieve diuresis in patients who are stable but hemody- 
namically compromised after heart operations. With a 
loading dose of 20 mg and a continuous infusion of 4 to 
10 mg of furosemide per hour, mean 24-hour urine 
output was 5.7 L (238 + 65 mL/h). Potassium replacement 
was 115 + 20 mmol [115 + 20 mEq/L]. Cardiac index, 


atients who are hemodynamically compromised after 
heart operations are usually markedly edematous, 
but diuresis can be difficult to achieve because of the need 
to maintain adequate cardiac preload. Copeland and 
associates [1] first reported that continuous intravenous 
infusion of furosemide provided gentle, sustained diure- 
sis in hemodynamically stable patients after elective car- 
diac operations. We have applied this technique to hemo- 
dynamically compromised patients, and have achieved 
substantial diuresis with no adverse hemodynamic ef- 
fects. In this report, we review our initial experience with 
this technique. 


Material and Methods 


Patients 


Data were collected on 6 patients who received continu- 
ous furosemide infusion. Three patients had coronary 


central venous pressure, and diastolic pulmonary artery 
pressure did not change significantly, even though he- 
modynamic support was decreased in each patient. Con- 
tinuous furosemide infusion is a simple, effective, and 
reliable method to achieve diuresis in select patients. 


(Ann Thorac Surg 1990;50:482-4) 


artery bypass grafting, 2 had mitral valve replacement, 
and 1 had orthotopic heart transplantation. All of the 
patients had a satisfactory cardiac output (cardiac index 
greater than 2.2 L - min™* + m~?) and good renal function 
(creatinine level less than 140 pmol/L [1.6 mg/dL]), but all 
were receiving inotropic support and 4 had an intraaortic 
balloon pump in place (Table 1). All were fluid overloaded 
by at least 6 L from the preoperative state, as judged by 
intake and output since the day of operation. All patients 
survived and were discharged from the hospital. 


Technique 

The solution is made by adding 100 mg of furosemide to 
100 mL of 5% dextrose. A loading dose of 20 mg of 
furosemide is given intravenously, and the infusion is 
started at 4 to 6 mg per hour. The infusion can be 
increased if more diuresis is needed, but we generally do 


Table 1. Patient Characteristics and Hemodynamic Support Before and After Furosemide Infusion 


IABP 

Patient Age 

No. (y) Operation Pre 

1 70 Emergency CABG 1:1 

2 66 MVR None 

3 73 CABG 1:1 

4 38 Heart transplant None 

5 63 CABG Tl 

6 58 Emergency redo MVR 1:1 


CABG = coronary artery bypass grafting; 
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MVR = mitral valve replacement; 


Dose of 
Inotrope 
Post Inotrope Pre Post 
1:2 Dobutamine (ug © kg™ - min™t) 11 5 
Epinephrine (g/min) 7 5 
Debutamine (ug * kg~* + min™!) 5 0 
1:2 Debutamine (ug + kg’ + min™!) 7 5 
Epinephrine (ug/min) 2 2 
Isoproterenol (ug/min) 6 3 
1:2 Dopamine (ug - kg~* + min™?) 3 3 
Out Debutamine (ug - kg? - min7!) 3 3 
Dopamine (yg * kg~? + min™?) 2 2 


post = after furosemide infusion; pre = before furosemide infusion. 
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Table 2. Hemodynamic and Laboratory Data Before and After Furosemide Infusion 


CI CVP PAD 
Time (L min™! + m7?) (mm Hg) (mm Hg) 
Pre 2.82 + 0.2 15.5 + 4.3 17.0 4.3 
Post 2.80 + 0.5 12.3 + 1.7 16.0 + 4.1 


BUN = serum blood urea nitrogen; CI = cardiac index; . 
Na = serum sodium; PAD = pulmonary artery diastolic pressure. 


not exceed 10 mg per hour. Urine output is followed 
hourly. Serum potassium level is measured every 4 hours 
and replaced as necessary. Electrolytes, blood urea nitro- 
gen, and creatinine level are checked every 12 hours. The 
infusion is generally stopped after 24 hours. No additional 
measures are necessary and the remainder of the patiertt 
care is according to standard protocols. 


Results 


The data are reported as mean value + standard devia- 
tion. Preinfusion and poSstinfusion hemodynamic and 
laboratory data are presented in Table 2. The range of 
furosemide infusion was 4 to 10 mg per hour with a mean 
of 4.8 mg per hour. All patients had moderate and 
sustained diuresis with a mean 24-hour urine output of 
5.7 L (238 + 65 mL/h). The actual potassium losses in the 
urine were not measured, but the mean potassium re- 
placement in a 24-hour period that was necessary to keep 
the serum potassium level greater than 3.5 mmol/L [3.5 
mEq/L] was 115 + 20 mmol [115 + 20 mEq]. Cardiac 
index, céntral venous pressure, and pulmonary artery 
diastolic pressure remained relatively constant during the 
infusion (Figs 1-3). Inotropic drugs or intraaortic balloon 


bad 
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Cardiac Index. (i/min/m2) 


2.4 


(o) 4 8 — x 16 
Hours Post-Surgery 


Cr = serum creatinine; 











Na K BUN Cr 
(mmol/L) (mmol/L) (mmol/L) (umol/L) 
136 + 4.0 4.4 + 0.6 7.1 3.4 80 + 30 
133 + 3.1 3.8 + 0.3 6.4 + 2.4 100 + 50 


CVP = central venous pressure; K = serum potassium; 


pumping were able to be decreased or discontinued in all 
patients during the infusion (see Table 1). 


Comment 


Lawson and colleagues [2] reported that diuresis could be 
achieved in patients with refractory edema by continuous 
intravenous infusion of furosemide. Copeland and asso- 
ciates [1] subsequently found that continuous infusion of 
furosemide provided sustained diuresis in patients with 
good hemodynamic furiction after a cardiac operation. We 
have modified this technique by combining a loading dose 
with a continuous infusion, and by applying the tech- 
nique to patients who are stable but hemodynamically 
compromised. 

There are several advantages to this technique. First, 
substantial diuresis can be achieved without adverse 
hemodynamic effects, even in patients who require ino- 
tropic support or intraaortic balloon pumping. Secénd, 
the effects of the furosemide infusion can be easily regu- 
lated. Hourly urine output cari be increased or decreased 
by adjusting the infusion rate, and diuresis stops withir. 4 
few hours after the infusion is discontinued. Finally, the 
solution is simple to prepare, requires no special monitor- 


Fig 1. Cardiac index was satisfactory 
and stable throughout the period of 
furosemide infusion. 








20 24 


484 HOW TO DOIT MAGOVERN AND MAGOVERN j 


Ann Th 
CONTINUOUS FUROSEMIDE INFUSION ' n esson 


Fig 2. Pulmonary artery diastolic 245 
pressure remained nearly constant 
during the infusion. 
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Fig 3. ‘Central venous pressure de- 23 
creased slightly during the infusion, 
but the change was not statistically 
significant. 
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Plátysma Musculocutaneous Flap for 
Reconstruction of Trachea in Esophageal Cancer 


Harutsugu Sodeyama, MD, Kiyoshi Matsuo, MD, Katsuhiko Ishizaka, MD, 
Chiharu Takahashi, MD, Reiko Hayashi, MD, Takai Kuroda, MD, arid Futoshi lida, MD 


Departments of Surgery and Plastic Surgery, Shinshu University School of Medicine, Matsumoto, Japan 


In 2 patients with advanced cervical esophageal cancer 
invading the trachea, total laryngoesophagectoniy with 
resection of the posterior portion of the trachea and 
lymph node dissection of the bilateral neck and superior 
mediastinum was carried out. The partial defect in the 
trachea was repaired with a platysma musculocutanéous 


Co esophageal cancer widely invading the tra- 
chea is not usually radically operated on because of 
the difficulty of reconstructing the trachea. We tried a new 
reconstructive procedure using a platysma musculocuta- 
neous flap after removing the membranous wall of the 
trachea. We performed the procedure in 2 patients, and 
satisfactory results were obtained. This report describes 1 
case history and details of the procedure. 


Case History 

A 70-year-old man complained of pharyngeal pain and 
dysphagia for 4 months. Radiologic examination of the 
upper gastrointestinal tract revealed a spiral-type filling 
defect of the cervical esophagus, measuring approxi- 
mately 4.5 cm in length and extending from 1.0 cm below 
the pharynx to the upper margin of the manubrium 
sterni. Esophageal endoscopy revealed an ulcerative le- 
sion of the esophagus, and biopsy of the lesion showed 
squamous cell carcinoma. Bronchoscopy revealed multi- 
ple erosions with diffuse redness on the membranous 
portion of the trachea. The tracheal lesion extended from 
4 to 8.5 cm below the vocal cords and.was strongly 
suggestive of direct invasion by the esophageal tumor. 
Right recurrent nerve paralysis was noted. Computed 
tomographic scan also suggested direct invasion of the 
trachea. 

Total esophagectomy with combined resection of the 
larynx and posterior portion of the trachea and dissection 
of the bilateral cervical and superior mediastinal lymph 
nodes was carried out. The esophagus was reconstructed 
with the transverse colon through the posterior mediasti- 
nal route, and the trachea was reconstructed as described 
in the next section. 


Accepted for publication May 16, 1990. 


Address reprint requests to Dr Sodeyama, Department of Surgery, Shin- 
shu University School of Medicine, Asahi 3-1-1, Matsumoto, 390 Japan. 


© 1990 by The Society of Thoracic Surgeons 


flap. A permanent tracheostoma, composed of the tra- 
cheal remnant anteriorly and the platysma musculocuta- 
neous flap posteriorly, was made just over the manu- 
brium sterni. 


(Ann Thorac Surg 1990;50:485-7) 


Technique 


A U-shaped skin incision reaching to 6 cm below the 
upper margin of the manubrium sterni was made (Fig 1). 
An extended platysma musculocutaneous flap attached to 
the fascia of the pectoralis major muscle was raised and a 
midline skin incision of about 7 cm was added for easy 
exposure of the upper half of the sternum. The sternum 
was sawed at the midline from its upper margin to the 
third intercostal space and cut transversely at this level 
making an inverted T shape. Then the superior anterior 
mediastinum was opened. After lymph node dissection of 
the bilateral paraesophageal, paratracheal, middle, and 
inferior internal jugular chains, the cervical esophagus 
was isolated with the larynx arid upper part of the trachea 
and transected at the level of the hypopharynx. About 8 
cm of the posterior portion of the trachea that was 
invaded by cancer was removed with the tumor, and the 
tracheal cartilage was preserved (Fig 2). The intrathoracic 
esophagus was. bluntly removed through the median 
sternotomy without thoracotomy. 

After confirming the surgical margin of the trachea to be 
free of cancer cells .by intraoperative pathological exami- 
nation, we reconstructed the defect in the trachea. The 
extended platysma musculocutaneous flap was déepithe- 
lized, leaving the portion corresponding to the tracheal 
defect (see Fig 1). Then the flap was inserted into the 
superior mediastinum, and the epithelial portion was 
sutured to the tracheal margin, thus constructing the 
posterior wall. A tracheostoma was made above the ster- 
num (Figs 3, 4). The skin defect created by the musculocu- 
taneous flap was covered with a free skin graft from the 
right groin. 

We performed this procedure in 2 patients. In both 
patients, the postoperative course was uneventful. Majcr 
complications such as bleeding, leakage, and infection did 
not occur. Respiration could be easily controlled through 
the intratracheal cannula. 

At 1 year 4 months and 1 year of follow-up, both 
patients are alive without recurrence of the cancer. 


0003-4975/90/$3.£0 


486 HOWTODOIT SODEYAMAET AL ` Ann Thorac Surg 
OPERATION FOR CERVICAL ESOPHAGEAL CANCER 1990;50:485-7 


Fig 1. A U-shaped skin incision for obtaining the pla- 
tysma musculocutaneous flap. Shaded area indicates 
- deepithelized portion. ` 
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Comment tracheostomy at the anterior mediastinum is well known 

as a procedure to be used after wide resection of the 
Many attempts have been made by surgeons to cure trachea. Orringer and Sloan [2] reviewed the experience 
cervical esophageal cancer invading the trachea, focusing with 17 patients in whom anterior mediastinal tracheo- 
on the management of the involved trachea. Grillo’s [1] stomy was used, and the results are excellent, but 1 





Fig 3. Transposition of the platysma musculocutaneous flap to the 
Fig 2. Shading indicates area of extended resection. Arrow shows posterior defect in the trachea, The defect created by the flap is covered 
the cutting line to make a platysma musculocutaneous flap.: with a skin graft. 
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Fig 4. Schema of the procedure of covering the tracheal defect with the 
flap. 


patient died of innominate artery rupture. In 1985, Krespi 
and co-workers [3] improved Grillo’s procedure by using 
a new technique to protect great vessels with a pectoralis 
musculocutaneous flap. With this procedure, the risk of 
major complications after mediastinal tracheostomy such 
as suture line breakdown, infection, and bleeding could 
be avoided. Ong and colleagues [4] reported a procedure 
to close a small defect in the posterior wall of the trachea 
with a deltopectoral flap in a patient with locally advanced 
esophageal carcinoma. 

Our procedure was done in 2 patients with cervical 


_ esophageal carcinoma extensively invading the posterior 
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portion of the trachea. One of advantages of this proce- 
dure is to be able to make the tracheostoma in the cervical 
region by a simplified technique. We did not experience 
any fatal complications such as innominate artery rupture 
or infection. Our procedure must be safe, because the 
great vessels are covered by their own chest wall. . 

As the platysma is supplied with blood from two 
vascular pedicles, the submental branch of the’ facial 
artery and the superficial branch of the transverse cervical 
artery [5], the submental branch of the facial artery is 
preserved when making the flap in our procedure.. 

The disadvantage of this procedure is that dyspnea 
sometimes develops months after operation unless an 
intratracheal cuffless silicone cannula is used. However, 
both of the present patients no longer need the intratra- 
cheal cannula all day long. > 
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A technique is presented for cannulation of the cervical 
vessels for extracorporeal membrane oxygenation. Re- 
construction of the vessels can be accomplished after 
decannulation. Doppler ultrasound confirms patency af- 
ter decannulation in most cases. 

(Ann Thorac Surg 1990;50:488-9) 


enoarterial extracorporeal membrane oxygenation 
(ECMO) has been shown to be effective therapy for 
various types of severe respiratory failure, especially in 
the newborn [1-4]. The right carotid and jugular vessels 
are the best cannulation sites for infant ECMO (1, 3, 4]. 
The most widely used cannulation technique employs 
permanent ligation of the jugular vein and carotid artery 
cephalic to the cannulation sites [3, 4]. Although it is 
believed to be a safe technique, the short-term complica- 
tions of carotid/jugular ligation may be difficult to separate 
from neurological problems resulting from intracranial 
bleeding, cerebral edema, and other factors during ECMO 
[3, 4]. The long-term effects are largely unknown, as no 
survivor of infant ECMO has been followed into the adult 
years. We therefore prefer to preserve these vessels when 
possible and have used the cannulation technique de- 
scribed herein for newborns as well as older children. 


Technique 


With the patient supine on a shoulder roll with the head 
rotated to the left, the carotid and jugular vessels are 
exposed through a short longitudinal incision at the lower 
anterior sternomastoid border. Fine Prolene (Ethicon, 
Somerville, NJ) oval pursestring sutures are placed in 
each vessel and threaded through short Silastic (Dow 
Corning, Midland, MI) tourniquets. Each vessel is encir- 
cled twice with Silastic vessel loops (Neomedix Systems, 
Sydney, Australia). After heparinization, cannulas are 
inserted through a longitudinal incision using a sidebiting 
clamp. Air is then removed from the cannulas and they 
are connected to the ECMO circuit. The Silastic vessel 
loops are tied securely around the cannulas and vessels 
_and the knots are secured with medium clips (Fig 1). The 
pursestring sutures are then secured in their tourniquets 
with a few additional clips. The wound is closed in layers 
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with the cannulas exiting from the upper pole, tied to the 
tourniquets. An antibiotic-soaked dressing is applied over 
a cutaneous wound closure. 

When ECMO support is no longer required, the wound 
is reopened, the vessel tapes and pursestrings are re- 
moved, and the vein and artery are allowed to bleed 
anterogradaly and retrogradely to ensure that no throm- 
bus is present. The vein and artery are then repaired with 
fine Proler.e sutures. The arteriotomy may be closed 
transversely to avoid stenosis. 


` Comment 


The vessel-loop technique provides immediate and excel- 
lent hemoszasis around the cannulas during ECMO and, 
being minimally traumatic, allows reconstruction at the 
time of decannulation. Carotid and jugular flow during 
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Fig 1. The cervical vessels are cannulated through a narrow purse- 
string suture cnd secured with Silastic vessel loops and tourniquets. 
At decannulat on the vessel incisions are closed primarily. 
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ECMO are interrupted with this technique, but in small 
infants the cannulas themselves normally occlude the 
vessels. The vessel loops do not add to this problem. In 
patients with larger vessels in which the cannulas were 
not occlusive we have sometimes omitted the vessel loop 
snares, although this technique has been less satisfactory 
from the point of view of hemostasis. 

Ten ECMO survivors (6 with vessel loops and 4 with- 
out) had reconstruction of the cervical vessels at the time 
of decannulation. The age range was newborn to 13 years 
(median, 3 days); weight, 2.7 to 55 kg (median, 3.8 kg); 
and time on ECMO, 39 to 265 hours (mean, 117 hours). In 
1 patient (aged 20 months) a mild left hemiplegia devel- 
oped, and another patient (aged 13 years) had a diffuse 
encephalopathy that resolved over 1 month. No other 
neurological problems were identified. Doppler ultra- 
sound studies performed 1 to 13 months afterward re- 
vealed normal carotid flow in all patients, although 1 had 
minor turbulence without a detectable pressure gradient 
(vessel-loop technique). Jugular vein flow was normal in 7 
patients. In 1 newborn the vein could not be imaged 
adequately, and in 2 patients (non-vessel-loop technique, 
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ages newborn and 20 months) the jugular vein was 
occluded, with collateral flow detectable. 

Although the long-term neurological outlook may or 
may not differ in patients having reconstruction rather 
than permanent ligation, we believe that the latter proce- 
dure is usually unnecessary. Carotid and jugular continu- 
ity can be reestablished in the majority of cases using this 
technique. 
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A Practical Mechanical Respirator, 1929: 


The “Tron Lung” 
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No satisfactory mechanical respirator existed before 
1929, when Philip Drinker and Louis Shaw described an 
apparatus of their own design. This machine was in the 
form of a cylindrical tank enclosing the patient’s body 
and chest, leaving the head outside the chamber under 
atmospheric pressure. Air pumps, later a bellows, raised 
and lowered pressure within the tank to assume the 
entire work of breathing. Popularly named the iron lung, 
the Drinker respirator supported thousands of patients 


AN APPARATUS FOR THE PROLONGED ADMINISTRATION 
OF ARTIFICIAL RESPIRATION 


I. A DESIGN FoR ADULTS AND CHILDREN 
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Fig 1. Title page of the 1929 paper by Drinker and Shaw. (Repro- 
duced from the Journal of Clinical Investigation, 1929;7:229-47, by 
copyright permission of the American Society for Clinical Investiga- 
tion.) 


hose thoracic surgeons who began surgical training 

before 1954 or 1955 remember well the standard 
mechanical respirator of that time, a horizontal steel 
cylinder almost a meter in diameter, 2 meters in length, 
standing on metal legs but movable on casters. A large 
bellows located underneath the cylinder, driven by an 
electric motor, made continuous sighing and wheezing 
noises. Only the patient’s head protruded from the cylin- 
der. Air-sealing portals on each side, however, could 
admit the nurse’s or physician’s arms for access to the 
patient inside. Patients dependent on the respirator could 
be brought outside it only during provision of alternative 
means of respiratory support such as continuous bag- 
breathing by an anesthesiologist. A combined hand lever 
and foot pedal enabled one person to continue to work 
the bellows in case of electrical failure. This cumbersome 
mechanical monster, known familiarly as the iron lung, 
was for a quarter of a century the only reliable machine of 
its kind and for all its shortcomings, a lifeline for thou- 
sands of patients afflicted with respiratory failure caused 
by poliomyelitis. 
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afflicted with respiratory paralysis during the polio era. 
It was being superseded by positive-pressure airway 
ventilators just as the polio era came to a close. Today the 
Drinker respirator has disappeared virtually without a 
trace. Although its disadvantage was its cumbersome 
size, we must concede that it supported patients over the 
long term with fewer complications than do the respira- 
tors of today. 

(Ann Thorac Surg 1990;50:490-3) 


The gereral outline of the iron lung can be foreseen in 
Sauerbruch’s illustrations of 1904, showing his primitive 
Unterdruck chamber for thoracic surgery [1, 2]. The head 
of the patient or experimental animal protruded outside 
the chamter, with a more or less airtight seal at the neck, 
while chest and body remained inside the chamber under 
the effects of negative atmospheric pressure. All that was 
missing from Sauerbruch’s chamber was cyclic alternating 
pressure, but that essential detail was not to be added for 
another 2€ years. 


A New Therapeutic Possibility 


No reliable method for prolonged respiratory support, or 
artificial respiration as it was then called, existed when 
Philip Drinker and Louis Shaw reviewed the subject in 
1929 (Fig 1) [3]. Their listing of discarded techniques 
ranged from the “Schafer method” of external chest 
compression, widely taught in the schools, through exter- 
nal bellows and the “Pulmotor,” to chambers of various 
kinds, and finally to the cuirass pattern respirator recently 
patented in 1928 by Eisenmenger of Vienna. The latter, 
designed a3 a chamber partially enclosing the chest on its 
anterior surface, was insufficiently effective for just this 
reason. Drinker and Shaw described an apparatus of their 
own design, a cylindrical metal chamber large enough to 
accommodate the patient’s entire body without restriction 
(Fig 2). Ore end of the cylinder could be released and 
would slide out on casters together with the stretcher on 
which the patient's body lay (Fig 3). Airtight closure of the 
chamber cculd be accomplished quickly by securing le- 
vers around the rim. A series of rubber collars of different 
sizes were fabricated to provide an essentially airtight seal 
at the patiant’s neck. The large bellows used in later 
models were not part of the original design; instead, two 
high-speed electric blowers alternately exhausted air from 
the tank and blew it back in. One blower was a spare and 
could be stut down or removed for servicing while the 
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Fig 2. Original cylindrical tank respirator with a “patient” inside. 
(Reproduced from the Journal of Clinical Investigation, 1929;7: 
229-47, by copyright permission of the American Society for Clinical 
Investigation.) 


other continued to run. “Their noise,” said the authors, 
“is a drawback in hospital work. We expect shortly to 
substitute pumps of more silent operation” [3]. 

After demonstrating that it was impossible to ventilate 
a patient by the Schafer method sufficiently to render him 
or her apneic, Drinker and Shaw showed that this could 
be accomplished easily with their apparatus. Threshold 
pressures that induced breathing against the subject’s will 
were found to be between +5 and +10 cm H,O in normal 
subjects. The air blowers could develop positive and 
negative pressures within the chamber with as high as 
+60 cm H,O at rates of 10 to 40 cycles/min. To avoid the 
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problems of severe respiratory alkalosis, intermittent oral 
spirometry was recommended so that the machine could 
be “regulated to conform with the average respiratory 
volume per minute per kilogram of body weight for the 
particular individual.” This being an entirely empirical 
value, nomograms for minute volume of ventilation were 
subsequently developed through study of large numbers 
of patients in respirators [4], but many potential correc- 
tions were necessary, the most important being for the 
presence of fever or infection. 

A cooling apparatus was controlled by thermostats 
within the tank. Drainage tubes, intravenous lines, and 
the like could pass into or out of the chamber through 
small holes or pipe taps. Patients in respiratory failure 
after thoracotomy could be managed with this apparatus; 
the chest drainage tube was brought out of the chamber 
through a sealing porthole to connect with the water-seal 
bottle and suction apparatus on the floor outside. 

Prophetically, the first patient treated with the Drinker 
respirator in 1929 was an 8-year-old child with respiratory 
paralysis from poliomyelitis. Despite respiratory support 
for 122 hours, the child died of bronchopneumonia and 
congestive failure. “During the time the child was in the 
respirator, she was able to talk, sleep, and take nourish- 
ment while the pumps were running. .. This case and 
another described by Petrén and Sjövall (1926) indicate 
that respiratory failure in cases of poliomyelitis can be 
prevented and encourage hope that recovery may follow 
in certain cases which would otherwise terminate fatally” 


[3]. 


A Memory of Summer Epidemics 


Poliomyelitis (from Greek polios, gray, and myelos, mar- 
row, cavity; here used as the derivative myelon, spinal 
cord), properly named acute anterior poliomyelitis and 
commonly spoken of as infantile paralysis, is an infectious 
disease caused by a ribonucleic acid virus of three distinct 


Fig 3. Tank opened at one end allowing the patient to 
be rolled out on casters. To do this, alternative venti- 
latory mechanisms had to be provided for ventilator- 
dependent patients. The twin electric blowers are on 
the low bench at left. (Reproduced from the Journal 
of Clinical Investigation, 1929;7:229-47, by copy- 
right permission of the American Society for Clinical 
Investigation.) 
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Fig 4. Respirator unit at the Haynes Memorial 
Hospital, Boston, August 1955. Second respirator 
from the front has been opened and part of the pa- 
tient’s body can be seen. In those days, a nurse was 
out of uniform unless wearing her school’s distinctive 
cap. (Photograph courtesy of the March of Dimes 
Birth Defects Foundation.) 


immunological types. In the days of epidemics, only a 
small percentage of infected persons developed clinical 
signs consisting of fever, headache, and stiffness of the 
neck and back, while fewer still developed paralysis. In a 
second phase of the disease, infection might localize in 
the gray matter of the central nervous system, with some 
predilection for lower motor neurons in the anterior horn 
tissue of the spinal cord. Only supportive treatment was 
possible. Of patients afflicted with paralysis, at least 50% 
recovered completely, whereas somewhat fewer than 25% 
might suffer severe permanent disability. The most seri- 
ous were the cases with bulbar involvement (of the 
medullary centers), but respiratory paralysis could also 
occur without bulbar involvement by lower motor neuron 
damage. Respiratory failure could be managed only with 
a mechanical respirator. 

Polio was not recognized as a public health problem in 
the United States until a localized outbreak occurred in 
Vermont in 1894. The first great summer epidemic in 1916 
claimed 6,000 lives and left 27,000 others with residual 
paralysis. Widespread panic occurred in many cities, 
particularly in New York, and the tragic consequences 
were heightened by ignorance of the disease. The worst 
epidemic occurred in 1952, which left more than 57,000 
people dead or paralyzed. President Franklin D. 
Roosevelt, himself stricken with paralysis in 1921, led the 
fight against polio by launching the National Foundation 
for Infantile Paralysis in January 1938. The National Foun- 
dation, a successor to Roosevelt’s Georgia Warm Springs 
Foundation organized in 1927, underwrote all aspects of 
patient care and medical research on the disease. The 
Foundation’s annual fund drives, synchronized with the 
President's birthday on January 30, took the catchy and 
memorable name The March of Dimes. 

Treatment facilities tended to concentrate at university 
and city-county hospitals, each with its Respirator Center 
where long lines of Drinker tank respirators were lined up 
side by side to facilitate surveillance and care of the 
patients (Fig 4). The bellows of all machines, wheezing 
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and sighing at different rates, added a surrealistic note to 
the scene. Patients were of all ages, including small 
children (Fig 5). A common rule in all respirator centers 
was that one professional attendant had to be present for 
each patient af all times, day and night, so that all the 
bellows could be worked manually in case of power 
failure. 

A mirror held at an angle of 45 degrees over the 
patient's face enabled the patient to look out at the room 
in a normal horizontal plane, albeit in mirror image. The 
patient’s stay might last for years. Mr Frederick B. Snite, 
Jr (1910-1954) of Chicago, stricken in 1936, lived for 18 
years in an iron lung, but determined to live as normally 
as possible, he married and had three daughters during 





Fig 5. Child patient, aged 2 years 5 weeks, in an iron lung at the 
Southwestern Poliomyelitis Respiratory Center, Houston, July 1952. 
For small chiidren, a moistened towel folded in one swath around the 
neck served to form an airtight seal without unpleasant pressure on 
the patient's neck. (Photograph courtesy of the March of Dimes Birth 
Defects Foundation.) 


ro 
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those years. His life was reported frequently in the 
newspapers and magazines, so that next to President 
Franklin Roosevelt, he probably was the best known 
victim of the disease. 

Polio epidemics might seem a topic far removed from 
thoracic surgery, but we are in debt to Drinker and Shaw 
today no less than were the thousands of polio victims 
with respiratory paralysis. 


Epilogue 


Polio epidemics afflicted Western Europe as well. Lassen 
[5] reviewed the experience of the Blegdam Hospital, 
Copenhagen, in the epidemic of 1952 during which 2,722 
patients were admitted. Of these, 866 showed some 
paralysis, 316 required special respiratory management, 
and 70 required artificial ventilation. The best manage- 
ment of respiratory paralysis was achieved by tracheos- 
tomy with placement of a cuffed endotracheal tube plus 
manual ventilation with a bag and 50% oxygen. Presum- 
ably, an anesthesiologist had to be with each patient at all 
times. Carl-Gunnar Engstrom [6] reviewed the 1949 and 
1950 polio epidemics in Sweden, during which all patients 
with respiratory paralysis were admitted to one hospital 
and treated with cuirass-pattern respirators. The mortality 
of bulbar polio during these 2 years was about 85%; study 
of the cases indicated that fatality was usually due to 
increasing carbon dioxide retention, herice, inadequate 
ventilation. Engstrom designed a new mechanical respi- 
rator that incorporated active inspiration by the applica- 
tion of positive pressure to the airway through a trache- 
ostomy, and active expiration by either inflation of a belt 
around the lower thorax. or application of a negative 
pressure phase to the airway by a Venturi mechanism. 
Using this apparatus in the polio epidemic of 1953, 55 
patients with bulbar polio were treated at the same 
hospital with a mortality rate of 27%. In this first report, 
Engstrom made no mention of a cuff on the tracheostomy 
tube. 

Polio was not the sole disease requiring mechanical 
ventilatory assistance, even then. In 1956, Avery, Mérch, 
and Benson [7] described management of the crushed 
chest with a piston-type mechanical respirator through an 
uncuffed tracheostomy tube, calling their method “inter- 
nal pneumatic stabilization” of the chest wall. They dis- 
posed of the idea that active expiration was necessary and 
found passive expiration at atmospheric pressure to be 
quite satisfactory. In 1957, Björk and Engstrom [8] de- 
scribed the routine use of a silver tracheostomy tube fitted 
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with an inflatable rubber cuff in the management of 
surgical patients after major pulmonary resection. All of 
the foregoing machines were what we would now call 
volume-cycled ventilators, but the Bennett PR-1 and the 
Bird pressure-cycled machines were developed soon af- 
terward. 

The March of Dimes funded not only the Nobel Prize- 
winning research of John F. Enders, Thomas H. Weller. 
and Frederick C. Robbins on the growing of poliovirus in 
tissue culture but the work of both Jonas Salk and Albert 
Sabin in its entirety. In 1958, with its enemy virtually 
destroyed, the National Foundation for Infantile Paralysis 
had to choose between disbanding and finding another 
objective for its efforts. Such a superb volunteer organi- 
zation could not be wastefully disbanded but instead 
changed its name to The March of Dimes Birth Defects 
Foundation (1275 Mamaroneck Ave, White Plains, 
NY 10605). 

Around the country, a few Drinker respirators remain 
stored away in warehouses and for the most part forgot- 
ten. They are fascinating relics, reminders of the “high- 


_tech” medicine of an earlier day. 
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Two patients had resection of a middle mediastinal 
neurilemmoma of the vagus nerve. Twenty-seven other 
neurogenic tumors of the intrathoracic vagus are re- 
viewed. These tumors are generally asymptomatic except 
for hoarseness in an occasional patient. 

(Ann Thorac Surg 1990;50:494-7) 


ntrathoracic tumors of the vagus nerve are uncommon 
lesions occurring in the middle mediastinum. Patients 
are typically asymptomatic with an abnormality noted on 
chest roentgenogram. However, symptoms can occur 
from either compressive effects on surrounding mediasti- 
nal structures or recurrent laryngeal nerve involvement. 
Treatment consists of complete excision with preservation 
of the recurrent laryngeal nerve whenever possible. Two 
patients with intrathoracic vagal tumors are presented 
with a review of the literature. 


Case Reports 


Patient 1 


A 42-year-old man with polycythemia rubra vera was 
noted to have a mediastinal mass on routine chest roent- 
genogram (Fig 1). He was asymptomatic and physical 
examination was unremarkable. Computed tomography 
of the chest confirmed the presence of a 3-cm, well- 
circumscribed mass in the middle mediastinum adjacent 
to the aortic arch (Fig 2). 

Consideration was given to the diagnosis of lymphoma 
or bronchogenic cyst. The lack of enhancement by com- 
puted tomography with contrast infusion weighed 
against a lesion of vascular origin. Operation was advised 
and a posterolateral left thoracotomy was performed 
through the fourth intercostal space. When the thorax 
was entered, a solitary middle mediastinal tumor was 
readily apparent at the aortic arch anterior to the left 
subclavian artery, originating from the vagus nerve supe- 
rior to the take-off of the recurrent laryngeal nerve. The 
tumor mass was firm and measured approximately 3 x 3 
x 5cm. No other intrathoracic abnormalities were noted. 
Complete excision was done with proximal and distal 
division of the vagus nerve. 

The specimen was well encapsulated, weighed 10 g, 
and had a firm yellow-ivory color on bisection. Histolog- 
ically, the tumor showed compact spindle cell formation 
with areas of cytoplasmic degeneration typical of Antoni 
A and Antoni B cells. Verocay bodies were also seen. The 
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diagnosis of a neurilemmoma of the vagus nerve was 
made. 

His postoperative recovery was uneventful. No change 
was noted in his voice, despite sacrificing his recurrent 
laryngeal nerve, suggesting its preoperative involvement 
with compensatory changes. He continues to be treated 
for polycythemia. 


Patient 2 


A 37-year-old man was seen for recent onset of hoarse- 
ness. Chest roentgenogram demonstrated a mass in the 
superior portion of the left mediastinum. Computed to- 
mography confirmed the mass in the area adjacent to the 
aortic arch. The radiographic findings were similar to 
those of patient 1 (Fig 3). Physical examination was 
unremarkable. 

Resection was advised and performed through an an- 
terolateral thoracotomy in the fourth intercostal space. On 
exploration the mass was readily apparent in the middle 
mediastinum, extending from the vagus nerve posteriorly 
to the phrenic nerve anteriorly, and from the aortic arch to 
the apex of the chest. No other abnormalities were noted. 
The tumor measured 6.5 x 3 x 2 cm, was well encapsu- 
lated, and originated from the left vagus nerve superior to 
the recurrent laryngeal nerve. Excision was possible by 
enucleation of the mass. The postoperative period was 
uneventful, although there was paralysis of the left vocal 
cord as evidenced by hoarseness and substantiated by 
laryngoscopy. 

Histologically the diagnosis of a neurilemmoma of the 
vagus nerve was made by the appearance of compact 
spindle cells interspersed with cells exhibiting vacuolar 
changes within their cytoplasm. 


Comment 


Intrathoracic neurogenic tumors are relatively common, 
account for 10% to 34% of all mediastinal tumors, and are 
generally considered to be located in the posterior medi- 
astinum. They constitute the majority of neoplasms of the 
posterior mediastinum [1]. The usual site of origin is an 
intercostal nerve or the sympathetic chain. However, 
neurogenic tumors may arise from the vagus or the 
phrenic nerves in the middle mediastinum with tumors of 
the vagus being much more common than tumors of the 
phrenic nerve. 

Tumors of the vagus are generally benign, arise from 
the nerve sheath, and are classified as either neurilem- 
moma (Schwannoma) or neurofibroma. Literature prior to 
1955 often failed to distinguish between these types 
referring to both as neurofibroma [2]. Other terms used in 
the older literature were encapsulated neurofibroma and 
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Fig 1. Chest roentgenogram demonstrating mediastinal mass. 


perineural fibroblastoma. Malignant Schwannomas and neu- 
rofibrosarcomas of the vagus nerve have also been re- 
ported, but these are extremely rare [3]. 

Tumors of the vagus nerve are typically located in the 
middle mediastinum at the mid-thoracic level. However, 
neurofibromas and neurilemmomas of the vagus nerve 
are also found in the superior and inferior aspeet of the 
middle mediastinum, but less frequently. Kent and asso- 
ciates [4] noted that the cervical portion of the vagus nerve 
is more frequently involved by a neurofibroma than the 
thoracic portion. 

In 1935 Stout and Carson [5] first designated vagal 
tumors of nerve sheath origin as “neurilemmomas” based 
on the belief that they arose from Schwann cells within 
the sheath. Neurilemmomas are typically solitary, encap- 
sulated, and grayish-tan in color. Histologically neurilem- 
momas have an organized architecture with cell prolifer- 
ation occurring within the endoneurium. The cellular 
pattern is one of dense, avascular, palisading spindle cells 





Fig 2. Computed tomography demonstrating middle mediastinal mass 
adjacent to aortic arch. 


Fig 3. Chest roentgenogram of second patient with middle mediastinal 
mass. 


that are designated Antoni type A and other cells exhib- 
iting myxomatous changes associated with cystic areas, 
designated Antoni type B. The cells proliferate without 
invading the nerve fibers with the perineurium forming 
the capsule. 

In contrast, neurofibromas may be multiple and are 
usually nonencapsulated with a disorganized prolifera- 
tion of cells that invade and intertwine with nerve fibers. 
According to some authors, neurofibromas should be 
considered as hamartomas. Intrathoracic neurofibromas 
have an increased incidence of malignancy when associ- 
ated with von Recklinghausen’s disease [6]. 

Patients with neurogenic vagal tumors typically exhibit 
a paucity of symptoms and in the majority of cases are 
first seen with an asymptomatic mass noted on incidental 
chest roentgenogram. Occasionally these patients are 
seen with hoarseness implying tumor involvement prox- 
imal to the origin of the recurrent laryngeal nerve. Chest 
pain and cough may occur with tumors arising adjacent to 
and compressing the trachea or major bronchi. 

In a review of the literature we found 27 reported cases 
of vagus nerve tumors [7] (Table 1). To these we add 2 
personal cases for a total of 29 intrathoracic vagal tumors. 
Eighteen were located on the left, six were located on the 
right, two were bilateral, and in three instances the author 
did not specify. Only 2 patients had hoarseness secondary 
to vocal cord paralysis. Skin pigmentation suggestive of 
von Recklinghausen’s neurofibromatosis was noted in 8 
patients. 

The propensity of intrathoracic vagal tumors to occur 
more commonly on the left side [6, 7, 23] may, in part, be 
explained by the fact that these tumors tend to occur in 
the thickest portion of the nerve where a single trunk 
exists proximal to the origins of major intrathoracic 
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Table 1. Intrathoracie Vagus Nerve Tumors 


Year Sex Age (y) 
1943 [8] M 35 
1950 [9, 10] F 52 
M 35 
M 51 
1953 [11] M 24 
1953 [12] F 60 
1954 [13] M 40 
1956 [14] M 30 
1957 [15, 16] M 6 
F 39 
F 56 
M 30 
F 66 
1959 [17] F 67 
1960 [18] ? ? 
i ? ? 
1960 [19] F 45 
1963 [20] M 35 
M 47 
F 30 
1964 [21] M 17 
1965 [6] M 35 
1971 [22] M 18 
1974 {7, 23] F 22 
M 32 
61 
37 


Histology 


Neurofibroma 


Neurinoma 
Neurinoma 


Neurofibrosarcoma 


Neurofibroma 


Neurilemmome 
Neurofibroma 


Neurofibroma 


Neurofibroma 
Schwannoma 


Schwannoma 
Neurilommoma 
Neurofibroma 
Neurofibroma 


Neurofibroma 
Neurofibroma 
Schwannoma 
Neurilemmoma 


Neurofibroma 
Neurofibroma 
Neurilemmoma 
Neurofibroma 
Neurofibroma 
Neurofibroma 


Neurofibroma 


Neurilemmoma 


Neurilemmoma 


Von 


Recklinghausen’s 
Disease 


Yes 


Yes 


Yes 


Yes 
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Location 


Left multiple, below recurrent 
laryngeal nerve, also nerve 
fibers of sympathetic nerve 

Not specified 

Left recurrent laryngeal nerve 

Right cervicothoracic 

Left multiple, vagus and 
recurrent laryngeal nerve 

Right below recurrent laryngeal 

Bilateral above and below 
recurrent laryngeal nerve 

Left below recurrent laryngeal 
nerve 

Left multiple, midportion 

Left above recurrent laryngeal 
nerve 

Left above recurrent laryngeal 
nerve 

Right below recurrent laryngeal 
nerve 

Left below recurrent laryngeal 
nerve 

Left below recurrent laryngeal 
nerve 

Not specified —, 

Not specified 

Left recurrent laryngeal nerve 

Left from apex to hilum 
involving recurrent laryngeal 
nerve 

Right vagus above the carina 

Left vagus below aortic arch, 
also tumor of 4th intercostal 
nerve 

Right vagus above level of aortic 
arch 

Right below recurrent laryngeal 
nerve 

Bilateral; left sided tumor 
resected 

Left above recurrent laryngeal 
nerve 

Left multiple above and below 
recurrent laryngeal nerve; 
involvement of phrenic nerve 

Left above recurrent laryngeal 
nerve 

Left above recurrent laryngeal 
nerve 





branches. The proximal intrathoracic vagal trunk is larger 
on the left side, hence the tendency for these tumors to 
occur more commonly in this location. 


‘When a mass is noted in the middle mediastinum on 
chest roentgenogram further characterization can be 
achieved by computed tomography. Neurogenic tumors 


bo 
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in this location typically appear as a homogeneous, non- 
calcified soft tissue mass. Other considerations in the 
differential diagnosis should include lymphoma, bron- 
chogenic cyst, an aneurysm of a great vessel containing 
intraluminal thrombus, paraganglioma, and pheochromo- 
cytoma. 

We recommend exploration and surgical excision, not 
only to confirm the nature of the lesion, but also to 
prevent further growth and compression on adjacent 
structures. Needle aspiration of such an isolated lesion is 
not indicated because of the paucity of material obtained 
for the exact diagnosis of lymphoma and the need for 
resection of the other likely diagnoses. 

At operation the nerve tumor in most instances can be 
gently dissected from the nerve after incising the epineu- 
rium. With use of,a neurosurgical dissector, the encapsu- 
lated tumor, as it is generally a Schwannoma, can be 
separated from the adjacent nerve fibers. If it is identified 
as malignant by frozen microscopic examination or its 
infiltration into adjacent tissues, a more extensive resec- 
tion is indicated. Care should be exercised when encoun- 
tering bilateral lesions to prevent bilateral ablation of 
vagal or recurrent laryngeal nerve function. 

Prognostically, recurrence of benign lesions is unusual, 
except in patients with neurofibromatosis, in whom addi- 
tional lesions generally develop. Malignant tumors of 
nerve sheath origin carry a grave prognosis with patients 
rarely surviving beyond 1 year [1]. 


References 


1. Shields TW, Reynolds M. Neurogenic tumors of the thorax. 
Surg Clin North Am 1988;68:645-68. 

2. Reed JC, Hallet KK, Feigin DS. Neural tumors of the thorax: 
subject review from the AFIP. Radiology 1978;136:9-17. 

3. Furrer ED, Fox IR. Perineural fibrosarcoma of the left vagus 
sheath. World J Surg 1940;48:584-6. 

4. Kent EM, Blades B, Jalle AR, Graham EA. Intrathoracic 
neurogenic tumors. J Thorac Surg 1944;13:116-61. 

5. Stout AP, Carson W. The peripheral manifestations of the 
specific nerve sheath tumor (neurilemmoma). Am J Cancer 
1935;24:751-96. 


22. 


REVIEW DABIRETAL 497 
THORACIC VAGAL TUMORS 


. Gayola G, Janis M, Weil PH. Intrathoracic nerve sheath 


tumor of the vagus. J Thorac Cardiovasc Surg 1965;49:412-8. 


. Strickland B, Wolverson MK. Intrathoracic vagus nerve tu- 


mors. Thorax 1974;29:215-22. 


. Blades B, Dugan DJ. Resection of the left vagus nerve for 


multiple intrathoracic neurofibromas. JAMA 1943;123: 
409-10. 


. Efskind L, Liavaag K. Intrathoracic neurogenic tumors. J 


Thorac Surg 1950;20:13-23. 


. Parella GS. Neurofibrosarcoma of the vagus nerve. N Engl J 


Med 1950;242:324-6. 


. Gerbode F, Marguiles GS. Neurofibromatosis with intratho- 


racic neurofibromas of vagus nerve. J Thorac Surg 1953;25: 
429-34. 


. Tebow LE, Brown RB. Neurogenic tumors of the anterior and 


middle mediastimun. Am Surg 1953;19:491-7. 


. Gilbertsen VA, Lillehei CW. Bilateral intrathoracic neurofi- 


bromas of the vagus nerve with a note on the physiologic 
effects of cervicothoracic vagectomy in man: a case report. J 
Thorac Surg 1954;28:78-84. 


. Tuttle WM, Sanai V, Harms HP. Intrathoracic neurofibroma 


of the vagus nerve. J Thorac Surg 1956;31:632-4. 


. Penido JRF, et al. Tumors of the vagus nerve. Proc Staff Meet 


Mayo Clin 1957;32:239-49, 


. Davis C Jr, Brown G. Intrathoracic neurofibroma of the vagus 


nerve associated with a diaphragmatic hernia. J Thorac Surg 
1957;33:532-6. 


. Pampari D, Lacerenza C. A case of neurofibroma of the 


intrathoracic vagus nerve in a woman with Recklinghausen’s 
disease. Surgery 1959;45:470-4. 


. Oberman HA, Abey MR. Neurogenous neoplasms of the 


mediastinum. Cancer 1960;13:882-98. 


. Carey LS, Ellis FH Jr, Good CA, Woolner LB. Neurogenic 


tumors of the mediastinum: a clinicopathologic study. Am J 
Roentgenol 1960;64:189-205. 


. Ecker RR, Timmes JJ, Miscall L. Neurogenic tumors of the 


intrathoracic vagus nerve. Arch Surg 1963;86:222-9. 


. Moehlig RC, Jarkowski TL. Neurilemmoma of the vagus 


nerve in the posterior mediastinum. J Mich State Med Soc 
1964;63:442-3. 

Newman A, So SK. Bilateral neurofibromas of the intratho- 
racic vagus associated with von Recklinghausen’s disease. 
Am J Radiol 1971;112:389-92. 


. Sarin CL, Bennett MH, Jackson JW. Intrathoracic neurofi- 


broma of the vagus nerve. Br J Dis Chest 1974;68:46-50. 


KEY REFERENCES 


Tuberculosis 


Marvin Pomerantz, MD 


Departments of Surgery, Porter Memorial Hospital and University of Colorado Health Sciences Center, Denver, Colorado 


Historical 


1. 


Koch R. The aetiology of tuberculosis (translated by Pinner B 
and Pinner M). Bull Int Union Tuberc 1981;56:87-100. 

This is an English translation of Dr Koch's original work on the 
etiology of tuberculosis read before the Physiologic Society in Berlin, 
March 24, 1882. 


Classification, Epidemiology, and Treatment 


2. 


10. 


Wolinsky E. Nontuberculosis mycobacteria and associated 
diseases. Am Rev Respir Dis 1979;119:107-59. 

This report is an extensive (592 references) review of nontuber- 
culous mycobacterial (atypical tuberculosis) diseases. 


. Iseman MD, Sbarbaro JA. Conference on tuberculosis. Chest 


1985;87:115S-49S. 

This paper reports on a conference reviewing prevention, public 
health issues, and treatment of M tuberculosis and M avium 
intracellularae. 


. Iseman MD, Goble M. Treatment of tuberculosis. Adv Intern 


Med 1988;33:253-66. 
This recent article details medical therapy for M tuberculosis and 
resistant M tuberculosis. 


. Snider DE Jr, Kelly GD, Cauthen GM, Thompson NJ, Kilburn 


JO. Infection and disease among contacts of tuberculosis 
cases with drug-resistant and drug-susceptible bacilli. Am 
Rev Respir Dis 1985;132:125-32. 

This report finds no difference in infection risk comparing resis- 
tant with susceptible bacilli. 


. Dutt AK, Stead WW. Medical perspective, present chemo- 


therapy for tuberculosis. J Infect Dis 1982;146:698-704. 
This report advocates a 9-month course of rifampin and isoniazid 
to render the disease inactive. 


. Edwards D, Kirkpatrick CH. The immunology of mycobac- 


terial disease. Am Rev Respir Dis 1986;134:1062~71. 
This article reviews the current status of the immunological 
aspects of tuberculosis and atypical mycobacterial disease. 


. Goble M, Hersburg CR, Waite D, Madsen L, Iseman M. 


Treatment of isoniazid and rifampin-resistant tuberculosis. 
Am Rev Respir Dis 1988;137(Suppl):24. 

The abstract reports only a 56% success rate with only medical 
therapy in these patients. 


. Prince DS, Peterson DD, Steiner RM, et al. Infection with 


Mycobacterium avium complex in patients without predispos- 
ing conditions. N Engl J Med 1989;321:863-8. 

This paper concludes that pulmonary disease caused by M avium 
can affect persons without predisposing conditions, particularly 
older women, and that recognition is often delayed due to its 
indolent nature. 

Davidson PT. The treatment of Mycobacterium avium- 
intracellularae complex disease. Semin Respir Med 1981,2: 
233-8. 

This report recommends a five- or six-drug antituberculosis 

regimen. Operation should be considered for localized disease. A 


Address reprint requests to Dr Pomerantz, 950 E Harvard Ave, No. 680, 
Denver, CO 80210. 


© 1990 by The Society of Thoracic Surgeons 


11. 


12. 





16% relapse rate is reported for patients initially successfully treated 
with chemotherapy. 


Steiner P, Rao M, Mitchell M, Steiner M. Primary drug- 
resistar:t tuberculosis in children. Am Rev Respir Dis 1986; 
134:446-8. 

This report documents the increasing drug resistance to rifampin 
in children. 


Management of nontuberculous (atypical) mycobacterial in- 
fections in children and adolescents. Pediatr Infect Dis 1985; 
4:119-21. 

This review article covers treatment of atypical tuberculosis 
infections of lymph nodes, skin, bones, lung, or disseminated disease 
in children and adolescents. 


Mycobacterial Infection and AIDS 


13. 


14. 


Theuer CP. Tuberculosis in patients with human immuno- 
deficiency virus infection, review of current concepts. West J 
Med 1989;150:700-4. 

Tuberculosis is implicated as a significant HIV-related disease. 
Four-drug therapy is recommended. Long-term prognosis is poor 
due to the underlying immunosuppression, not from tuberculosis. 


Modileusky T, Sallter FR, Barnes PF. Mycobacterial disease 
in patients with human immunodeficiency virus infection. 
Arch Intern Med 1989;149:2201-5. 

In this study it is concluded that mycobacterial lung infection 
with M avium usually occurs at or after the diagnosis of AIDS and 
may not cause disease. 


Surgery and Tuberculosis 


15. 


16. 


17. 


Moran JF, Alexander LG, Staub EW, Young WG Jr, Sealy 
WC. Long-term results of pulmonary resection for atypical 
mycobacterial disease. Ann Thorac Surg 1983;35:597-604. 

Thirty-one of 37 patients having localized infection with M 
avium intracellularae remained free of disease after resectional 
surgery. In these patients operation is recommended as the treat- 
ment of choice. 


Hopkins RA, Ungerleider RM, Staub EW, Young WG Jr. The 
modern use of thoracoplasty. Ann Thorac Surg 1985;40: 
181-7. 

This article reviews 30 thoracoplasties performed between 1970 
and 1983. Twenty-three patients had tuberculosis as the underlying 


` disease. Though a useful procedure in some, it is concluded that 


thoracoplasty is a rarely required procedure. 
Reed CE, Parker EF, Crawford FA. Surgical resection for 
complications of pulmonary tuberculosis. Ann Thorac Surg 
1989;48:165-7. 

Between 1975 and 1984, 24 patients were operated for hemopty- 
sis, drug resistance, possible neoplasm, or bronchiectasis. Though 


Ann Thorac Surg 1990;50:498-9 + 0003-4975/90/$3.50 


< 


Ann Thorac Surg 
1990;50:498-9 


the complication rate was 46%, there were no deaths and long-term 
results were good. 


18. Iseman MD, Madsen L, Goble M, Pomerantz M. Surgical 
intervention in the treatment of pulmonary disease caused 
by drug-resistant Mycobacterium tuberculosis. Am Rev Respir 
Dis 1990;141:623-5. 

Twenty-nine patients underwent resection. There were two late 
deaths unrelated to operation. Of 27 survivors, 25 are sputum 
culture—negative for a mean of 36 months. 

19. Kirsh MM, Rotman H, Behrendt DM, Orringer MB, Sloan H. 
Complications of pulmonary resection. Ann Thorac Surg 
1975;20:215-36. 





POMERANTZ 499 
TUBERCULOSIS 


KEY REFERENCES 


This article reports the complications associated with pulmonary 
resection, all of which can occur with operation for tuberculosis. 


20. Pairolero PC, Arnold PG, Piehler JM. Intrathoracic transpo- 
sition of extrathoracic skeletal muscle. } Thorac Cardiovasc 
Surg 1983;86:809-17. 

This article reports the use of extrathoracic muscle to repair or 
help heal intrathoracic problems, useful in the patient with resected 
tuberculosis. 

21. Mathisen DJ, Grillo HC, Vlahakes GJ, Daggett WM Jr. The 
omentum in the management of complicated cardiothoracic 
problems. J Thorac Cardiovasc Surg 1988;95:677-84. 

Bronchopleural fistulas were successfully closed in 8 of 9 patients. 


Important Announcement for Authors 


Elsevier Science Publishing Company has recently insti- 
tuted electronic publishing for certain of their journals, 
including The Annals of Thoracic Surgery. Beginning Sep- 
tember 1st the final version of accepted manuscripts 
submitted on diskettes will be converted electronically 
directly to page proof, with a considerable saving of time 
and expense. Authors are encouraged to use this option if 
they wish to do so. 


Both 3.5” and 5.25” diskettes in either MS-DOS or Macin- 
tosh format may be submitted. Files created with the 
current or near-current revisions of the following word 
processing programs are acceptable: 


IBM 


DisplayWrite 
Executive Writer 
Leading Edge 
MicroSoft Word 
Multimate 
OfficeWriter 

PC Write 

PFS: Write 

PFS: Professional 


Q & A Write 
Samna 
Spellbinder 
Volkswriter 
WordPerfect 
WordStar 
WordStar 2000 
Xywrite 


Macintosh 


MacWrite 
MicroSoft Word 
WordPerfect 


All diskettes must be accompanied by the final typed 
revision of the manuscript and a duplicate copy, including 
two clearly separated and labeled sets of illustrations. All 
materials must be sent to the Editorial Office in St. Louis. 


Before submitting your diskettes, make certain to comply 
with the Guidelines for Electronic Manuscripts in the 
Information for Authors section of this journal. Should 
you have additional questions, please communicate with 
the Editorial Office. Telephone: (314) 361-6084; FAX: (314) 
367-0585 


REPORT 





Symposium on Thoracic Surgical Oncology 


DR MARTIN F. McKNEALLY (Albany, NY): Surgical 
oncology has been developing as a cross-disciplinary 
specialty for several decades within the field of surgery. 
Its level of success has been variable, related in part to the 
enthusiasm and energy of the chief of the division of 
surgical oncology and the attitude of the department 
chairman. It also depends on the success of the research 
programs of the surgical oncologists, whether clinical or 
laboratory, and on the environment of the institution— 
how the oncologists and radiation therapists and others, 
particularly the surgeons within the department, accept 
the idea of a multidisciplinary program. 

Some programs are very well developed. Donald Mor- 
ton, Bernard Fisher, and Walter Lawrence were very 
active early on in the field, and they have set high 
standards to establish their division’s position within a 
conventional surgical department. The cancer centers are 
another variation that has facilitated the growth of surgi- 
cal oncology. They are analogous in our specialty to 
children’s hospitals for the development of pediatric car- 
diac surgery outside the standard division of cardiotho- 
racic surgery. Cancer centers give surgeons an undiluted 
exposure to multimodal therapy of cancer. 

When surgical oncologists began working on a certifi- 
cate of added training or special competence, thoracic 
surgeons became concerned about a potential problem for 
the training programs in thoracic surgery. The American 
Board of Thoracic Surgery stated that thoracic surgical 
oncology is a very important part of our training and that 
our residents must be well trained in thoracic surgical 
oncology. The Board suggested the thoracic surgery di- 
rectors examine the state of our current activity in this 
area and consider what steps might be appropriate to 
strengthen our training in thoracic oncology. This sympo- 
sium is the result of that suggestion. 

I suspect that the average program is performing cancer 
surgery frequently enough to give a sense of “covering 
the subject.” With a few conferences and a tumor board, 
graduating residents have a reasonable knowledge of the 
literature and the natural history and usual treatment of 
various thoracic malignancies. I am not convinced that 
their training in thoracic oncology is sufficiently thorough. 

When the c-ras oncogene or some other abstruse word 
from thoracic oncology appears in the title of an article in 
a thoracic journal, I think the average graduate will skip 
over it, not for lack of interest, but because of lack of 
background provided within the training program. Yet, 
‘when John Minna talks about molecular genetics and 
biology of lung cancer at the postgraduate course lunch- 
eon, the room is packed. There is a high level of interest 
because we realize that this work is approaching clinical 
relevance, and we need to know it. 
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Our challenge today is to develop a rational, workable 
plan to enhance training in thoracic oncology. Our goal 
should be to match the best efforts of our colleagues in 
general surgery. John Niederhuber is an example, in my 
view, of the best in general surgical oncology. He focuses 
on complex resections of the liver and pancreas and runs 
a sophisticated laboratory studying molecular mecha- 
nisms for cancer at Johns Hopkins University. Dr Nieder- 
huber, we appreciate your giving up a Saturday afternoon 
to come here and help us. 


DR JOHN E. NIEDERHUBER (Baltimore, MD): Many 
departments of surgery have been concerned that the 
introduction of an organized division of surgical oncology 
would unfairly compete with the normal distribution of 
cancer cases within the department and that such a 
division would be disruptive to the training of residents. 
This latter concern has been especially acute whenever 
surgical oncology divisions have also sought to establish a 
fellowship training program. Even when departments 
have recruited an individual to be the “surgical oncolo- 
gist,” there has often been little support by the depart- 
ment chair for expansion of the new division into the 
critical intellectual mass needed. Without this critical 
mass, it has been difficult for these individuals to establish 
a clinical research and laboratory research presence in 
cancer surgery within the institution and nationally. 

The development of this subspecialty has been further 
hindered by the American Board of Surgery, which has 
not been willing to accept the need for establishing a 
certification process that would serve to recognize sub- 
specialty training in this discipline. The lack of such 
recognition by the American Board of Surgery has made it 
literally impossible for surgical oncology to establish a 
meaningful role for itself nationally, where it has had to 
compete with the strong, well-organized disciplines of 
medical oncology and radiation oncology. The absence of 
a certification process has also made it difficult to define 
national standards of acceptable training. 

It is within the context of this experience in general 
surgery that cardiothoracic surgeons will need to address 
the question of whether a similar thoracic surgery cancer 
subspecialty should be encouraged to develop. Toward 
such deliberations, it would be useful to review the 
struggle of surgical oncology. 

Perhaps our discussion should begin by noting the 
consensus conference that was organized and took place 
in 1981. The conference was held through the efforts of 
the Society of Surgical Oncology and the National Cancer 
Institute (NCI) with input from the American Cancer 
Society. The specific purpose of this consensus conference 
was to review the need for the creation of the subspecialty 
of surgical oncology and to develop training guidelines for 
this specialty. The conference brought together many 
distinguished cancer surgeons, pathologists, medical on- 
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cologists, thoracic surgeons, and pediatric oncologists, as 
well as representatives of other disciplines—a broadly 
based group. The charge was to define the role of the 
surgical oncologist, to determine the essential elements of 
surgical oncology training, to define the interaction of 
surgical oncologists with nonsurgical specialties (such as 
medical oncology and radiation oncology) during the 
training period, and to suggest a mechanism of review 
and evaluation of surgical oncology training programs 
and their trainees. The report from this conference was 
published in Cancer in 1981 [1]. 

The recommendations of this panel were to establish a 
2-year postresidency program of broad training in surgical 
oncology. The panel members felt that there should be a 
full-time clinical experience in radiation oncology and 
medical oncology during the early phase of this postresi- 
dency program. Their recommendation also stressed the 
need for exposure to both basic and clinical research 
during the training period. 

In addition to the consensus conference report, Dr 
Steve Rosenberg wrote (in 1984) an excellent commentary 
regarding the issues of surgical oncology and the relation- 
ship of this subspecialty to the general surgery faculty and 
the Department of Surgery [2]. I would encourage you to 
read Dr Rosenberg’s paper and would like to emphasize 
here that my remarks are based not only on personal 
experience, but also on these two published reports. 

It seems clear that three factors have had considerable 
influence in the development of surgical oncology. First, 
and perhaps foremost, the development of strong subspe- 
cialties in medical oncology and radiation oncology has 
had a major impact on clinical surgery. The increasing 
numbers of medical oncologists and the role they play in 
the diagnosis and management of cancer patients has 
resulted in a declining role of the surgeon in cancer 
patient care. The recognition of this by surgeons has 
definitely been an impetus to the development of surgical 
oncology in an effort to restore some balance to cancer 
therapy. l 

Second, there is increasing recognition that modern 
cancer surgery requires a level of expertise not only in 
complex surgical resections, but also regarding the use of 
chemotherapy and irradiation. This is generally a level of 
expertise that is not common to every member of the 
general surgery faculty, and I suspect the same is also true 
of thoracic surgery. 

Third, there is a strong desire on the part of surgery 
leadership to obtain a fair share of institutional and 
national resources allocated to cancer. These resources are 
substantial and, in most institutions, are largely con- 
trolled by nonsurgical disciplines. 

Acknowledging that these have been the major influ- 
ences behind the development of surgical oncology, let us 
examine for a moment the role of this subspecialty within 
the surgery department. As stated initially by the consen- 
sus conference, there has always been general agreement 
that the surgical oncologist should be expert and trained 
to provide consultation and care of the “difficult” cancer 
case. The goal is.not, and never has been, that the surgical 
oncologist do every cancer case that comes to the depart- 
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ment. Rather, the desire has been to have a person or 
persons within the department with a level of experience 
and training that enables them to manage the unusual 
cancer cases and that places them in a position to provide 
consultation to their colleagues in surgery and their col- 
leagues in other medical specialties. 

Their experience and training should also provide as- 
sistance to patients in selecting and sequencing different 
modalities of treatment. The surgical oncologist is often 
the patient's primary care physician, often interacting 
with the medical oncologists to obtain their input, arrang- 
ing for consultation with the radiation oncologists, and 
acting for the patient as the focal point at the university to 
get them through the system and to obtain or provide an 
optimum treatment plan. 

Another important role for the surgical oncologist is 
providing consultation to surgical colleagues and depart- 
mental leadership regarding the current status of adju- 
vant therapy. This leadership should extend to facilitating 
involvement of surgical faculty in the large national clin- 
ical trials addressing questions of adjuvant therapy. 

The surgical oncologist should function as a resource 
for the department chair and provide leadership in estab- 
lishing special clinics; for example, a breast clinic, a 
melanoma clinic, a sarcoma clinic. Special interdiscipli- 
nary clinics substantially improve patient care within the 
institution and also serve as a revenue-generating device 
because of their visibility in the community and their 
ability to attract additional referrals. 

The surgical oncologist should organize and lead mul- 
timodal conferences such as tumor boards. Multimodal 
conferences aze a very important part of patient care and 
are also an excellent means of resident and student 
teaching. 

In terms of clinical research, the surgical oncologist 
should be able to provide the focus and organization fer 
the department’s clinical protocols in cancer. The surgical 
oncologist should be able to provide the integration with 
other oncology groups in other departments for the de- 
velopment and performance of these trials. In other 
words, by being recognized as the department's surgical 
oncologist, he or she will attract the interactions of the 
medical oncologists and the radiation oncologist as they 
bring their ideas forward to develop and establish new 
clinical trials. 

The surgical oncologist also provides leadership within 
surgery by introducing new developments in cancer sur- 
gery to. the department. The department chairman can set 
a priority for the surgical oncologist that will ensure that 
the department and its clinical programs are at the very 
forefront of cancer treatment. 

Another important role of the surgical oncologist is to 
provide representation for the department on a national 
basis; that is, in the activities of national cooperative 
groups, in the activities of the American College of 
Surgeons Commission on Cancer, and in activities spon- 
sored by the National Cancer Institute and the American 
Cancer Society. 

One activity that sets the surgical oncologist and the 
surgical oncology division apart and establishes their 
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program as unique and special to the department is a 
strong research commitment. The success of the surgical 
oncology program within a department can almost always 
be measured directly by the success of the research 
program. The more success the research program has, the 
more credibility within the department and the institution 
this group of individuals will have. Thus, surgical oncol- 
ogy can provide for the department a very important 
research program or research focus, valuable to resident 
training and to student education in surgery. 

The role of surgical oncology in cancer education is 
important, and the division can provide assistance to the 
department in defining and implementing cancer educa- 
tion programs. This cannot be overemphasized. We tend 
to overlook education or relegate education to a lower 
priority than it deserves. The level of expertise attained by 
residents in the areas of cancer therapy and cancer biology 
at the end of their general surgery and thoracic programs 
often leaves a great deal to be desired. This reflects 
directly on our training programs, and, in many in- 
stances, adequate cancer education programs are not 
provided during training in general surgery. 

The role of the surgeon oncologist in institutional lead- 
ership can provide the department the credibility needed 
to be involved in the medical school’s decisions of re- 
source allocation and policy-making as they regard the 

` institution's cancer programs. If strength is lacking in 
surgical oncology, those decisions most certainly will be 
made on the strength of the research programs and 
clinical activities that are present in the other depart- 
ments. From personal experience as a member of the NCI 
Cancer Centers Review Committee and at site visits of 
numerous cancer centers, I have been disappointed by the 
absence of an important role for surgical oncology in the 
leadership of these center programs. 

To summarize, individuals to be trained as surgical 
oncologists need to have an experience, usually at the end 
of their general surgery training program, that will pro- 
vide an opportunity to obtain the knowledge, surgical 
skills, and experience in management of patients with 
cancer, especially complicated cancer problems. In addi- 
tion, they should have developed skills in cancer re- 
search. They need to develop the skills to provide leader- 
ship in cancer education and be prepared to provide 
institutional leadership, especially in the area of cancer. A 
quotation from Steve Rosenberg sums up very well the 
problems that exist in integrating surgical oncology into 
divisions and departments of general surgery. Doctor 
Rosenberg states, “Much energy has been devoted to 
‘who’ should do the surgical procedure rather than to 
‘how’ surgical oncologists can contribute to better care of 
patients with cancer” [2]. 

Where programs in surgical oncology have been suc- 
cessful, they have had the appropriate critical intellectual 
mass and have been embraced enthusiastically by the 
department chair. As a result, the overall clinical, re- 
search, and education programs of the department have 
all benefitted. Establishing a similar track in noncardiac 
thoracic surgery seems essential. I would like to suggest 
that making thoracic surgical oncology an integral part of 
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general surgical oncology should be a consideration. 
There are many obvious reasons for such a coalition, 
intellectual and political, and such a coalition of cancer 
surgeons would greatly strengthen the potential of each. 


DR McKNEALLY: Thoracic oncology as a field of con- 
centration is accumulating a large body of factual material. 
Doctor Jack A. Roth, our next speaker, is the surgical 
editor of Thoracic Oncology, a well-written, interesting, and 
informative source book, which makes you realize that 
there is a lot more than what we teach at the bedside or in 
the operating room in the field of thoracic oncology. It 
would make an excellent fundamental text for a program 
in thoracic surgical oncology. Doctor Roth will discuss 
thoracic oncology from the unique viewpoint of a special- 
ized cancer center, the M.D. Anderson Hospital in Hous- 
ton. The thoracic surgeon in that setting is separated from 
most of the distractions that make it difficult for us to 
concentrate on education in thoracic surgical oncology. 


DR JACK A. ROTH (Houston, TX): A thoracic surgical 
oncologist has advanced training and expertise in com- 
plex resections for thoracic cancers. At least 75% or more 
of the practice of a thoracic surgical oncologist is devoted 
to patients with thoracic cancers. A thoracic surgical 
oncologist has a working knowledge of multimodal cancer 
therapy, participates in multidisciplinary management 
teams, and participates in research that advances knowl- 
edge in the field. 

Do we need thoracic surgical oncologists? I think there 
are a number of observations that indicate that such 
individuals with advanced training and interest in this 
area can play a very important role in training programs 
and in academic centers in the management of cancer 
patients. 

There have been major advances in our knowledge of 
the biology of thoracic cancers resulting in expanding 
indications for surgery. For example, surgical resection 
may benefit patients with small cell lung cancer. Surgery 
is now an important component of the multidisciplinary 
management of esophageal cancer ane pulmonary metas- 
tases. 

Training remains inadequate in general thoracic surgery 
in many programs. I support this statement with data 
from the literature [3, 4]. Only 52% of training programs 
have dedicated thoracic surgery rotations. The thoracic 
case load increased in only 45% of the programs since 
1982. Program directors were asked if their residency 
graduates could teach esophageal resection for a mid- 
third lesion. Only 55% answered yes. Of 126 diplomates 
of the American Board of Thoracic Surgery applying for 
recertification in 1985, only 28% indicated they performed 
general thoracic surgery. 

In 1980, approximately 7% of .major thoracic cases 
(7,881) were performed by noncertified surgeons. By 
1985, this percentage had doubled to 14%, and because of 
the increasing number of cases, over 17,000 cases were 
now being done by non-board-certified surgeons. 

The surgeon has an exparided role in the care of the 
cancer patient. This includes: (1) screening and early 
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detection; (2) selection of surgical options; (3) defining the 
indications for palliative surgery; (4) reduction of surgical 
mortality, morbidity, and cost; (5) cancer rehabilitation; 
and (6) clinical investigations. These are expanded areas 
of knowledge for the cancer surgeon. It is no longer 
sufficient to have only technical knowledge of thoracic 
operations. One must have a complete understanding of 


the overall treatment of the patient with thoracic cancer. If 


we do not, we will gradually relinquish our ability to 
manage these patients. 

Tumor biology and immunology are playing an increas- 
ing role in research and perhaps even in therapy. Cancer 
staging is very important and one must have a compre- 
hensive knowledge of clinical, pathologic, and biologic 
staging systems. 

The surgeons must be knowledgeable in assessing risks 
and benefits from combined modality therapy. Should we 
operate on the patient before chemotherapy or after 
chemotherapy? What is the role of radiation therapy and 
biologic therapy? Surgical pathology and clinical trials are 
also important areas of expanded knowledge. 

What are the potential benefits of training programs in 
thoracic oncology? We can train teachers of thoracic 
surgery; we can train surgeons who are role models and 
who may attract residents to the field and train leaders for 
multidisciplinary groups; and finally, and very impor- 
tantly, we can improve patient care. 

The goal of the M.D. Anderson clinical and research 
fellowships is to train academic thoracic surgeons. These 
are individuals who can extend and improve residency 
training programs. They have additional training in clin- 
ical care, education, and research. This training will 
confer excellence but not exclusivity. The goal is specifi- 
cally not to train individuals who can say, “We exclusively 
can operate on patients with thoracic cancer because we 
are specially trained in this area and others are not.” The 
purpose of the program is to extend training and provide 
an added dimension to training programs in the area of 
thoracic oncology. 

The M.D. Anderson training program provides the 
skills and expertise needed to manage complex thoracic 
oncology cases, and imparts a working knowledge of 
multimodal therapy. We teach skills needed to critically 
analyze alternatives for patient management and develop 
research protocols to advance knowledge in the field. 

The clinical fellowship can extend from 6 months to 2 
years. There is a separate laboratory research fellowship. 
The individual entering the research fellowship must 
spend a minimum of 2 years in the laboratory to obtain 
adequate research training. There is also an option for a 
third year. No clinical responsibilities are assigned during 
the laboratory research fellowship. 

The research experience must be continuous to assure 
adequate time and depth. To be eligible for our fellowship 
one must have completed a general surgery residency 
program and must have acceptance in or completion of an 
approved cardiothoracic residency program. I feel that the 
residency program is the core of training for thoracic 
oncology. Every individual in our program must have the 
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commitment to either complete this or to have completed 
the residency program prior to the fellowship. 

Two options for the timing of the fellowship are avail- 
able. For the first option, the individual completes the 
general surgery residency and then spends 24 months in 
research training in the laboratory for a continuous pe- 
riod. This is necessary for the individual to obtain the 
credentials to become competitive in funding and estab- 
lish an independent research program. Clinical training is 
then done in a cardiothoracic residency program, and the 
individual subsequently returns for a 1- or 2-year period 
to obtain additional research and advanced clinical train- 
ing. There may be a period when the individual joins the 
full-time staff as a junior faculty member. 

Option 2 is somewhat less satisfactory but can result in 
a good experience for the trainee. The cardiothoracic 
residency program is completed first. There is then re- 
search training for 24 months and additional clinical 
training for 12 months. 

The clinical Fellow participates in the overall care of the 
patient from initial assessment to follow-up in the clinic. 
The attending staff is involved in all the operations and 
oversees the care of the patient. Fellows actively partici- 
pate in multidisciplinary conferences and journal clubs. 

We also have residents who are rotating at the same 
time as our Fellows, and there is always some concerr. 
about competition among residents and Fellows. We have 
found this generally not to be the case. Our senior Fellow 
from 1988 to 1989 had 141 major cases, which included 74 
pulmonary resections, 18 esophageal resections, and 79 
bronchoscopies. The senior residents on the service, in 
this case from the Texas Heart Institute Program, per- 
formed a total of 207 major cases during the same time 
period. The general surgery residents, who come through 
a fourth-year level, and a second Fellow who was in the 
program for 6 months performed a total of 283 major 
cases. Thus, there is a fairly even distribution and general 
lack of competition for cases. 

Participation in clinical research is an essential compo- 
nent of fellowship training. Our Fellows learn protocol 
design and execution and they participate in ongoing 
protocols, including preoperative and postoperative adju- 
vant therapy in lung and esophageal cancer, immunother- 
apy, and other studies that we have for evaluation of open 
lung biopsy and cardiopulmonary function tests. 

Three clinical Fellows have completed our training 
program since 1986. Our first Fellow is an assistant 
professor on our staff. Our second Fellow is an assistant 
professor in the cardiothoracic program at the University 
of Cincinnati, and our third Fellow is now in his car- 
diothoracic residency. Although this is a small sample. I 
think we are beginning to realize our goal of training 
individuals who will participate in academic centers, 

Our department is also affiliated with the cardiothoracic 
residency program at the Texas Heart Institute under Dr 
Cooley’s direction. We have one resident per year wao 
may elect a 12-month rotation at M.D. Anderson and thus 
also obtain additional experience in thoracic oncology. 

The goal of our research fellowship is to train academic 
thoracic surgical oncologists who can establish new re- 
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search programs in teaching institutions or upgrade exist- 
ing programs. We want these individuals to be competi- 
tive for peer review funding and to develop good 
scientific communication skills. 

We have obtained a National Institutes of Health (NIH) 
training grant that supports three Fellows per year in the 
research program. The training grant is set up so individ- 
uals may elect to go to various laboratories around the 
institution. At present there are 14 basic and clinical 
scientists who participate in the training grant, represent- 
ing a number of disciplines, including tumor immunol- 
ogy, mechanisms of metastases, oncogenes, and mecha- 
nisms of cell differentiation. 

I believe that thoracic oncology is an exciting and 
dynamic area, and I think we will see expansion in this 
area worldwide over the next 10 to 20 years. Thoracic 
oncologic problems represent a major challenge, and I 
believe this is a frontier area for research in our specialty. 
It is unlikely that technical refinements in thoracic surgery 
will produce major improvements in patient survival. 
However, surgical scientists, with the knowledge of can- 
cer biology, their ability to formulate important and clin- 
ically relevant questions, and their access to tumor spec- 
imens, can assume a leadership role in thoracic oncology. 


DR McKNEALLY: The surgery branch at the National 
Cancer Institute has a well-developed thoracic oncology 
program, headed by Dr Harvey I. Pass. This program has 
valuable lessons and resources that may be useful to 
thoracic program directors who are planning to train a 
new faculty member in thoracic surgical oncology. 


DR HARVEY I. PASS (Bethesda, MD): The thoracic 
oncology branch at this time does not participate in any 
formal thoracic residency training program. We have 
residents, postgraduate years 2 through 5, who come to 
participate in a surgical oncology fellowship, and one or 
two of those will work with me in the laboratory. A 
flexible research budget is available, which is controlled 
by the Chief of the Department of Surgery. 

The thoracic oncology section is only one part of the 
clinical oncology program that funds all of the intramural 
programs at the NCI. There are many divisions within the 
surgery branch and there are many divisions within the 
clinical oncology branch, specifically the medicine branch, 
pediatric branch, NCI Navy Medical Oncology Branch, 
radiation oncology, and clinical pharmacology branches. 

In addition to its own clinical and research responsibil- 
ities, the thoracic oncology section has to take care of all 
the thoracic surgery and noncardiac surgery at the NIH. 

Thoracic surgery at the NIH before 1980 was done by 
consultants from the outside; there was no formal pro- 
gram. The Thoracic Oncology section was established in 
1981 under Jack Roth. 

Doctor Roth’s contributions included the systematic 
analysis of prognostic factors in pulmonary metastases 
and the first prospective, randomized trial of neoadjuvant 
therapy in esophageal cancers. He also did a trial compar- 
ing open lung biopsy versus empiric antibody therapy in 
febrile neutropenic patients with cancer. Doctor Roth’s 
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greatest research contribution was a study of tumor- 
associated antigens and protein products and the investi- 
gation of a monoclonal antibody that he then conjugated 
with ricin and used for treatment of pulmonary metasta- 
ses. 

At the present time the average number of cases done at 
the NCI in the thoracic oncology section is about 280 per 
year, and there are two of four possible operating days 
devoted to thoracic surgery. Seven of 30 beds on the 
surgery branch are specifically designated thoracic oncol- 
ogy beds, and there are two clinics per week in which we 
see new patients, protocol patients, and our follow-ups. 

There is one thoracic oncologist at the NCI at this point, 
who serves as division head. There are one to two clinical 
research associates who spend a period of 18 months in 
the laboratory doing projects related to the main research 
theme ongoing in the laboratory. There is one full-time 
research assistant who assists in performing the research. 
There is always one clinical associate, postgraduate years 
2 through 5, who is.on the thoracic service to help in 
management of the thoracic patients, assist in the operat- 
ing room, and take care of the patients after operation. 
They rotate every 2 months. 

There is one full module devoted to bench research in 
the thoracic oncology section supported by about 6% of 
the surgery branch budget. It is divided into two parts, 
and is fully stocked so that you can do all the research that 
you want. 

The research is on all levels, both in vitro and in vivo, so 
that the thoracic oncologist who spends time in the 
thoracic oncology laboratory will get three different tiers— 
small animal, large animal, and cellular research. 

Some of the early clinical efforts involved multimodality 
therapy, including the use of intraoperative radiation 
therapy to the chest. The operating was done in a special- 
ized operating room. There were serious complications 
from esophagitis. We have continued investigations in 
surgical excision of pulmonary metastases with a large 
series of patients who have sarcomas. We have also 
looked at histologies requiring excision of metastases, 
including melanoma, Ewing’s sarcoma, and renal cell 
cancer. 

Patients with truncal sarcomas and children with chest 
wall malignancies serve as a basis for studies of chest wall 
resection and reconstruction. Currently the mainstream of 
thoracic oncology and what we have been doing for the 
last 3 years is studying neoadjuvant therapy in higher- 
stage limited lung cancer. In a prospective, randomized 
trial patients who have node-positive disease are being 
randomized to surgery and radiation therapy versus neo- 
adjuvant therapy. 

We are also interested in exploring the use of monoclo- 
nal antibodies as an imaging agent in detecting non-small 
cell lung cancer; we have been studying this with the 
nuclear medicine department at the clinical center. 

In 1986 we began to investigate the use of light- 
activated sensitizers for the treatment of malignancy. We 
have extended those investigations to the treatment of 
endobronchial disease. The procedure entails placing a 
laser fiber directly into an obstructing tumor that has been 
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sensitized with hematoporphyrin and treating it with 
light. Three days later a bloodless, completely avascular 
tumor is removed. Photodynamic therapy is now being 
used with light-diffusing media to transmit the light, so 
that ovarian carcinoma and abdominal sarcomatosis are 
treatable. Within the next 6 months, we are planning to 
extend these studies to the chest cavity as soon as our 
large-animal tolerance models are finished. 

Benchwork research began with animal studies for 
intraoperative radiation therapy and in vivo monoclonal 
antibody studies. The chief focus now is on in vivo/in 
vitro studies of photodynamic therapy for potential treat- 
ment of thoracic malignancies. We are also investigating 
free radical-cytokine relationships in the laboratory. 

In managing a thoracic oncology program, it is impor- 
tant to identify one person who is able to organize clinical 
research protocols for the branch. That person will be- 
come the point man to whom other people will relate. 
This person should organize and coordinate the whole 
protocol, interacting with the other multimodality therapy 
branches. He or she must have more than passing knowl- 
edge of the benefit/risk limitations of the various treat- 
ments on an almost equal footing with the other special- 
ties. 

Where do you find such individuals? They could be 
home-grown, devoting an overwhelming amount of time 
and effort to noncardiac thoracic surgery, or could spend 
a 1- to 2-year surgical oncology fellowship at a major 
cancer institute and then come back to a thoracic oncology 
training program. This person must organize the teaching 
program for the surgical staff and the residents, as well as 
for students, with a curriculum that updates newer as- 
pects of surgical oncology. 

Is it not enough to have one lecture on chemotherapy 
and irradiation therapy and expect that that will be 
enough to train the residents? The only way the residents 
are going to learn this is for the multimodal program to be 
set up so that they can see it functioning in the division. 
That is why it is important to have a surgical oncologist 
who can attract and treat patients, actually delivering the 
chemotherapy himself or herself. This person would 
teach the residents what the different modalities and the 
different chemotherapy options are. 

The thoracic oncologist in 1990 must be more than just 
a noncardiac thoracic surgeon. Ideally, he or she should 
have both clinical and benchwork experience and be able 
to translate this experience into ongoing investigations. 
The person must also be an aggressive surgeon because, 
although multimodality treatment is going to be the wave 
of the future, he or she must still be aggressive with 
multimodality treatment as well as in the operating room. 
That applies to endoscopic techniques, laser therapy, and 
taking care of esophageal cancer as well as lung cancer. 
The person must be able to collaborate with the other 
disciplines, incorporating these techniques into the labo- 
ratory and into the section, so that he or she will be aple 
to use them and teach them to the residents. 

Expanding biotechnology in lymphokines, growth fac- 
tors, and other multimodality treatments means there 
should be ongoing thoracic oncologic research in a well- 
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equipped laboratory. In setting up a laboratory for tho- 
racic oncology, the ability to obtain and store tissue is of 
prime importance. I submit that this may be the most 
important part of a thoracic oncology research program. 
You have to get the tissue to do the in vitro chemosensi- 
tivity and radiation sensitivity studies, to study the onco- 
genes, and to study the antigens for monoclonal antibod- 
jes. 

There must be different tiers of research besides the cell 
work. The person must be able to translate small animal 
work into clinical applications. The thoracic oncologist 
should maintain close contact with the laboratory activi- 
ties, visiting daily, observing the clinical associate, guid- 
ing the technician, and performing some of the work, 
rather than passing everything on to a research associate. 
To do that, the program director will be obligated to 
provide protected time for this clinical researcher. If it 
means there must be two thoracic oncologists so that the 
head will be able to function independently and do his or 
her own research, then so be it. Protected time is crucial to 
get this work done. 

There are several areas that I consider “hot” in thoracic 
oncology now that will be necessary for people to know in 
the next few years. Neoadjuvant therapy is already being 
exploited in esophageal and lung cancer, and that is the 
way of the future. Whether this will result in a survival 
benefit is not known yet. Monoclonal antibodies for early 
detection and imaging, as well as video fluorescein imag- 
ing, is here and is promising, especially with the early 
detection work from the NCI Navy. To predict how 
patients are going to respond to chemotherapy, in vitro 
chemosensitivity is being perfected. That will not be 
worth much until we can have pure tumor growth with- 
out any contaminating normal tissues, but the technology 
is promising. 

Finally, newer local-mode modalities, including photo- 
dynamic therapy, may help us treat surface malignancies 
in the chest or pleural effusions; we are going to try to 
expand that at the NCI. The most exciting work is 
probably going to be immune modulation, the study of 
the molecular biology of tumors, and biologic response 
amplification with growth factors. 


DR McKNEALLY: Nael Martini is the Chief of Thoracic 
Surgery at Memorial Sloan-Kettering Cancer Center, 
where many surgeons have come for advanced training in 
thoracic oncology. He has agreed to share some of his 
thoughts about this subject and to react to some of the 
things that have been said today. I particularly would like 
to know, Dr Martini, what you would like us as program 
directors to do to prepare our candidates so that they 
might take a faculty position with you. 


DR NAEL MARTINI (New York, NY): In the past, 
tuberculosis is what trained thoracic surgeons in thoracic 
surgery. I believe that cancer trains the general thoracic 
surgeon of today. My focus, therefore, will be on thoracic 
oncology and how it should be included in the thoracic 
surgical training programs. For most thoracic tumors, 
surgery is still the primary mode of treatment. Therefore, 
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the surgeon needs to be actively involved in decision- 
making in these patients. That is only possible if he or she 
is well versed in thoracic oncology. 

There is more to cancer surgery than assessing opera- 
bility or resectability. You need to know what nonsurgical 
disciplines have to offer either singly or in combination 
with surgery. We do not necessarily have to learn to give 
chemotherapy or irradiation but must know how and 
when it should be given, and what the risks and benefits 
are. 

Many cancers originate outside the lung but have the 
affinity or predilection to metastasize only to lung. When 
is surgery appropriate on these patients? When do you 
recommend chemotherapy or irradiation, not because 
surgery is not technically feasible, but because other 
modalities of treatment fare better? This knowledge can 
only be gained by attendance and participation in tumor 
board conferences, and by involvement in all aspects of 
patient care from the moment of initial outpatient evalu- 
ation. 

Thoracic surgical residents must be conversant with the 
natural history and pathology of all thoracic neoplasms 
and the treatment options available. For residents who 
intend to pursue an academic career, there should be an 
opportunity to do rotations on medical and radiation 
oncology services and perhaps additional time in labora- 
tory research. At present, many thoracic surgical trainees 
spend most of their time in the operating room and have 
little or no time for involvement in special diagnostic 
procedures and in evaluating patients referred for sur- 
gery. They lose the opportunity to develop preoperative 
assessment and become involved in surgery by prescrip- 
tion. , 

There has been a progressive increase in the total 
number of general thoracic operations in this country, and 
yet a substantial percentage of noncardiac thoracic oper- 
ations, up to 50% in some communities, is now performed 
by general surgeons, some of whom are not certified by 
any board. The lack of interest and availability of thoracic 
surgeons has created a vacuum and general surgeons 
have moved to fill the void. The problem is compounded 
by the encroachment of nonsurgical disciplines. Experi- 
ence in endoscopy is lost to the pulmonary internist doing 
the diagnostic work-up of thoracic lesions, including 
performance of the bronchoscopy, and by the gastroen- 
terologist performing the esophagoscopies, dilations, and 
laser treatments. In many centers, the medical oncologist 
dictates the course of action in treating thoracic tumors, 
including which patient will benefit from surgery and 
which will not. 

Some of the operations for pleural diseases, such as for 
mesothelioma, or operations that involve major chest wall 
resection and reconstruction, or pulmonary resections of 
tumors invading the hilum or mediastinum can be very 
intricate and yet can be conducted safely. Those who 
perform thoracic procedures on an occasional basis may 
feel uncomfortable embarking on these more extensive or 
more intricate operations and are certainly not in a posi- 
tion to train others to do them safely. 

Dexterity and surgical judgment are necessary at- 
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tributes to any surgeon, but the knowledge that is re- 
quired for appropriate case selection for treatment needs 
(1) case material to work with, (2) protected time to 
acquire the knowledge, and (3) the opportunity to mingle 
with other specialists treating chest problems and know- 
ing what they can and cannot do. 

The most important requirement is time. For those 
interested in thoracic as opposed to cardiac surgery, a 
12-month concentrated training period in thoracic surgery 
should be offered. For those interested in cardiac surgery 
or combined thoracic and cardiac practice, 6 to 8 months 
of training in thoracic surgery should be sufficient. Lesser 
periods of training in general thoracic surgery are clearly 
insufficient. No one can master the basics of general 
thoracic surgery in 3 months. You need time and case 
material to acquaint the resident in training with endos- 
copy and the basic principles of pulmonary and esopha- 
geal surgery. You not only need to train the thoracic 
residents in the biology and natural history of all tumors, 
but you need to have them skillful in doing all thoracic 
oncologic procedures, whether they are for cure or palli- 
ation. The thoracic surgeon needs to know when adjuvant 
therapy is appropriate and what is available in nonsurgi- 
cal options. 

The case material in cancer centers is plentiful. I believe 
that a quarter to a third of all lung cancer we see in this 
country is still operable. If I were to extrapolate the 
numbers from that, it is 35,000 to 50,000 thoracotomies a 
year. If you were to distribute them to the thoracic 
programs we currently have, you each can benefit from 
300 to 500 of these cases a year. The case material is 
existent if we only tap it, but this requires the availability 
of a dedicated thoracic surgical oncologist. 

As late as 1989, a letter from Dr Orringer and the 
Liaison Committee on General Thoracic Surgery indicates 
that nearly half of the programs currently approved still 
have no dedicated time set aside for the thoracic residents 
to be trained in general thoracic surgery. Twenty-one 
percent of programs do not have an identifiable thoracic 
staff member to develop the training program in general 
thoracic surgery. 

In our center, we currently train three thoracic Fellows 
a year. Although we have a recognized, approved car- 
diothoracic program in collaboration with New York Hos- 
pital to train thoracic residents, we have material to 
accommodate other programs and we already do so. For 
the past 3 years we have been collaborating with Bruce 
Reitz at Johns Hopkins in rotation; we also have on 
occasion rotated candidates from the Rush-Presbyterian- 
St. Luke’s Medical Center. 

Many comprehensive cancer centers have been desig- 
nated and identified in this country, and I think that we 
ought to be able to approach them to develop similar 
programs. 

I have confined my emphasis on the training of thoracic 
oncologists to pulmonary surgery simply because defi- 
ciencies in teaching esophageal surgery had already been 
amply addressed by Drs Pearson, Skinner, and Orringer 
to this group 4 years ago. I hope that this information will 
help us as thoracic directors, and perhaps the boards, to 
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address and improve this aspect of training in our spe- 
cialty. 
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Notice From the American Board of Thoracic Surgery 


The part 1 (written) examination will be held at the Hyatt- 
Regency, Dallas Fort Worth Airport, Dallas TX, on February 
16, 1992. The closing date for registration is August 1, 1991. 


To be admissible for the part II (oral) examination, a 


candidate must have successfully completed the part I 
(written) examination. 


A candidate applying for admission to the certifying 


examination must fulfill all the requirements of the board 
in force at the time the application is received. 


Please address all communications to the American 


Board of Thoracic Surgery, One Rotary Center, Suite 803, 
Evanston, IL 60201. 
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Certification of Perfusionists* 
Invited Letter to the Editor: 


The American Board of Cardiovascular Perfusion has announced 
that no applications for the alternative ‘process for obtaining 
certification will be accepted after October 1, 1990 [1]. The 
alternative process permitted the consideration of individuals 
wishing to seek certification, but who lacked the educational 
requirements established by the Board. Individuals who are 
currently under consideration by the Credentials Committee 
must be able to complete verification of their equivalence in time 
for the 1992 examinations, after which there will be no alternative 

process. 
' Although the function of the American Board of Cardiovascu- 
lar Perfusion is not related to the current real or perceived 
manpower shortage, this problem remains of real concern to the 
Board. The certification process exerts no control over the num- 
ber of practitioners. Certification in cardiovascular perfusion is a 
voluntary activity, and there are individuals in practice who are 
not certified. Although the Board wishes that all practicing 
perfusionists would submit themselves to the preparation re- 
quired for entry into the certification process, they acknowledge 
that this is not and probably should not be an absolute require- 
ment for practice. The Board accepts as a basic premise that to be 
eligible for consideration for certification an individual must be a 
graduate of a perfusion education program that is accredited by 
an accrediting agency that is recognized by the American Board 
of Cardiovascular Perfusion. f 

Over the past 5 years more than 50 individuals have made 
application for consideration under the alternative process, and 
less than 10% have been successful in being admitted to the 
examination. The experience of the Board has indicated that the 
alternative process falls short of providing additional personnel 
who are fully qualified. l 

The Joint Review Committee on Perfusion Education and the 
Committee on Allied Health Education and Accreditation func- 
tion as accrediting agencies of the current perfusion education 


programs. This year three new programs, St. Vincent Hospital - 


and Medical Center, Portland, OR; Grossmont College, El Cajon, 
CA; and Quinnipiac College, Hamden, CT, were approved for 
initial accreditation, bringing the total number of programs to 23. 

It is vital that we as the consumers of perfusionists’ services 
encourage and promote the development of opportunities for 
young people to enter this field. We agree that the responsibility 
of the American Board of Cardiovascular Perfusion is to maintain 
the validity of its certificate. This can only be sustained by 
permitting the educational aspects to come under the review of a 
body outside of the Board as presently exists. We also believe that 
all surgeons have a duty to recruit and direct students to this 
important discipline. 


Richard G. Fosburg, MD 
Richard P. Anderson, MD 
Stanton P. Nolan, MD 
Hendrick B. Barner, MD 


The American Association for Thoracic Surgery 
Representatives for Extracorporeal Perfusion 

13 Elm St 

Manchester, MA 01944 


*By prior agreement, this letter is being published both in The Annals of 
Thoracic Surgery and in The Journal of Thoracic and Cardiovascular Surgery. 


© 1990 by The Society of Thoracic Surgeons 
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Efficacy and Benefit of Mediastinal Computed 
Tomography l 
To the Edicor: 


We read with interest the recent article by Thermann and 
associates [1] on mediastinal computed tomography as a selec- 
tion method for mediastinoscopy. This is an area in which we 
have been nterested for some time and one in which we have 
published in the past. We feel that there are certain inconsisten- 
cies in the data presented by Thermann and associates. They 
have excluded 20 patients from analysis; 5 of these were excluded 
because mediastinoscopy was not performed despite a positive 
computed tomographic (CT) scan. Subsequently they included in 
their analysis 6 patients who did not undergo mediastinoscopy 
despite hav-ng CT evidence of mediastinal lymph node enlarge- 
ment. This underlines the importance of analyzing all patients 
entered intc a study. 

Thermann and associates argue that as computed tomography 
has replacec plain tomography, the routine use of mediastinos- 
copy on all patients with a proven or presumptive diagnosis of 
operable carcinoma of the bronchus is unnecessary. We would 
certainly no: disagree with this, and have for some time had a 
policy of performing preoperative mediastinal exploration only 
on patients with CT evidence of mediastinal lymph node enlarge- 
ment, one or us (P.G.) having shown in another study [2] that in 
the absence of such evidence, mediastinoscopy contributes noth- 
ing to preoperative staging. In their study Thermann and asso- 
ciates certainly confirm that preoperative mediastinal exploration 
in the abserce of a positive CT scan is noncontributory: they 
report three false-negative scans in the 63 patients subjected to 
thoracotomy 

However, the value of mediastinoscopy in patients with en- 
larged nodes on CT scanning is less clear. Thermann and 
associates report no cases in which the CT scan was positive and 
subsequent mediastinoscopy genuinely negative. The only false- 
positive scars were in 2 patients who fortuitously underwent 
thoracotomy for supposed N2 disease. From their data one could 
argue therefore that there is no need to confirm positive CT scans ' 
by mediastinoscopy. Goldstraw and associates [2] already 
showed that in 4 of 14 cases CT evidence of mediastinal lymph 
node enlargement transpired to be false at subsequent mediasti- 
noscopy. Thus if we were to omit mediastinoscopy on these 
patients, 30% of patients with potentially curable disease would 
be denied thcracotomy. 

In a recent study [3] we retrospectively examined 100 consec- 
utive thoraco:omies performed for non-small cell carcinoma of 
the bronchus in our unit, comparing preoperative staging and 
naked-eye perioperative findings with the ultimate histological 
staging. Twenty-four of the 100 transpired to have pTNM N2 
disease. Only 3 of these patients came to thoracotomy without 
undergoing p-eoperative mediastinal exploration. 

Both forms of staging are clearly insensitive; however, this 
need not be seen as a disadvantage. Pearson and associates [4] 
have already shown that cure after operation is possible in 
patients with mediastinal lymph node involvement in all but the 
high paratracheal nodes. It is our feeling that the patients who 
transpire to have N2 disease at thoracotomy despite completing 
the staging protocol that we employ represent a favorable subset 
of patients with intracapsular/microscopic deposits whose prog- 
nosis must a: worst be equal to that of the patients who 
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underwent “curative” resection in Pearson's study—41% sur- 
vival at 5 years. 


Jullien Gaer, MB, FRCS(Ed) 
Peter Goldstraw, MB, FRCS 


Brompton Hospital 
Fulham Rd 
London SW3 6HP 
England 
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ing table is the plethora of different suction devices designed to 
remove blood or irrigation fluid from the operating field. The 
fluid removed is either discarded, processed in a cell saver unit, 
or, if the patient is on cardiopulmonary bypass, it may be 
returned into the perfusion circuit. For cardiopulmonary bypass 
most surgeons use a minimum of two different suction systems. 

The idea occurred to me that a single suction device may be 
designed that is suitable to perform a “double task” by allowing 
the surgeon to direct shed blood or other liquids in more than one 
direction. Such a device (Gish Biomedical, Inc, Santa Ana, CA) 
was constructed of disposable plastic with a suction head with a 
standard tip that leads to a handle equipped with a clearly 
marked color-coded “thumb switch.” The latter allows the suc- 
tioned fluid to be directed into a double-barrel tubing system 
leading in two separate directions (Fig 1), While the suction is 
directed in either of the two channels, the idling channel is 
vented through a third orifice. 

This device was tested clinically and was found to be safe, 
simple, and cost effective compared with two separate disposable 
suction systems. 


Francis Robicsek, MD 


Heineman Medical Research Center 
Post Office Box 35457 
Charlotte, NC 28235 





Double-Barrel Suction Device 
To the Editor: 


It is the never-ending endeavor of the surgeon to keep his or her 
armamentarium not only effective but also as simple as possible. 
One of the reasons for instrumental overcrowding of the operat- 





Infection and Cell-Saver Use 
To the Editor: 


Schwieger and associates [1] found in their sample of 19 patients 
an incidence of Cell-Saver (CSA) bacterial contamination of 21% 
(95% confidence interval, 10% to 41%). They further claim that 


Fig 1. The “bidirectional” suction 
device. 
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patient exposure to contaminated CSA red blood cells is not 
“correlated” with increased risk of infection. Assuming their 
estimate of the risk of infection in those not exposed to CSA 
contamination (5/15 or 33.3%) is representative of that in the 
patient population in general, they would need roughly 35 
subjects in each of the exposed and nonexposed groups to be able 
to detect (with 80% power and 95% confidence) a difference as 
large as a doubling in this infection rate associated with exposure 
to CSA red blood cells [2]. They are mistaken in accepting the null 
hypothesis in a very low-power study [3]. 

The observation of no infections among the 4 exposed patients 
allows one to state with 95% confidence that the maximum risk of 
infection after exposure to contaminated CSA spun cells is not 
greater than 75% [4]. Their report is also unclear as to the 
statistical treatment of the data. Although there is no mention of 
matching in the text, an unreferenced matched-pair x° test is said 
to be the hypothesis test of choice. 

Although routine use of CSA may well result in no increase in 
infection rate, this study provides very limited information about 
the true risks involved. 


Michael L. Nessly, BS 


Department of Anesthesiology 
University of Washington Medical Center 
Seattle, WA 98195 
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Cardiopulmonary Cystosarcoma 
To the Editor: 


Regarding the recent article by Fleisher and associates [1], I 
applaud the authors’ preoperative recognition of the extension of 
the cystosarcoma phyllodes from the right upper lobe into the left 
atrium. However, I would suggest that a one-stage operation that 
would involve the resection of the left atrial component on 
cardiopulmonary bypass followed by the right upper lobectomy 
through the median sternotomy would have certainly decreased 
the morbidity associated with the second operation and might 
have precluded the hematogenous metastasis that occurred 10 
months postoperatively. It is important when doing cancer 
operations, even ones of this magnitude, that principles of 
cutting across viable tumor not be violated. I [2] have used this 
technique to remove a pulmonary sarcoma that was growing 
through the left superior pulmonary vein and entering the left 
atrium in a fashion similar to the case described by Fleisher and 
associates. During this operation, no tumor was cut across and 
instead a left pneumonectomy with resection of the tumor from 
the superior pulmonary vein with reconstruction of the left 
atrium was performed. 

I would recommend this single-stage approach for all lung 
tumors that are growing through the pulmonary veins into the 
left atrium with the exception of tumors isolated to the left lower 
lobe. Control of the bronchus is difficult in these cases. However, 
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if the pulmonary resection is done on bypass, even tumors in this 
location can be handled safely. 


Robert L. Shuman, MD 


701 E 28th St, Sutte 411 
Long Beach, CA 90806 
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Reply 
To the Ediier: 


Doctor Fleisher forwarded Dr Shuman’s letter to me for response 
as I was the surgeon primarily responsible for the care of the 
unfortunate lady described in “Dumbbell metastatic cystosar- 
coma phyllodes of the heart and lung” [1]. I agree with Dr 
Shuman that when therapeutically appropriate an en bloc ap- 
proach is the procedure of choice for resection of malignancies. 
Unfortunately, medical scientific knowledge must sometimes be 
tempered by clinical judgment. 

As outlined in the manuscript, our patient was referred for 
operation in a very unstable and critical condition with cachexia, 
recurrent life-threatening tachycardias, and congestive heart fail- 
ure secondary to both adriamycin cardiomyopathy and tumor 
obstruction of the mitral valve. Because of the size of the tumor 
and its massive intracardiac extension, mobilization of the lung 
before bypass was considered unwise. Once the patient was on 
cardiopulmonary bypass and the heart opened, it was apparent 
that the mitral valve had to be replaced. To do an en bloc 
resection would have required removal in continuity of the mitral 
valve, the atrial tumor, the right superior pulmonary vein, and 
the right upper and middle lobes, followed by replacement of the 
mitral valve and repair of the atrium. This would have required 
a considerably longer procedure and cardiopulmonary bypass 
time than for the patient previously described by Shuman (2]. A 
left radical pneumonectomy with intrapericardial division of the 
pulmonary artery and partial excision of the left atrium in 
continuity, from my view of both time and technique, is not the 
most challenging of general thoracic surgical procedures, even 
though the presence of a large atrial extension requiring cardio- 
pulmonary bypass unquestionably increases the gravity. 

The decision to perform a less aesthetic cancer operation in our 
patient was based primarily on her poor general physical condi- 
tion and the magnitude of the procedure that would have been 
required for en bloc resection. Additional concerns were the 
possibilities of coagulopathy and delayed weaning from bypass 
in the face of drug-related cardiotoxicity. Further, the tumor did 
not appear grossly or microscopically to have invaded the vein 
wall and it did not recur locally, as determined by follow-up 
echocardiograms and operation. Given the literature previously 
reviewed, the odds were 4:1 that other distant metastases were 
already present in spite of intensive patient studies that indicated 
otherwise. The appearance of a massive intraabdominal tumor 10 
months later underlines this point. Assuming that the cardiopul- 
monary dumbbell and the abdominal tumors had similar dou- 
bling times, the latter would have been at least 1 or 2 cm in size 
(ie, 75% of the way through its life cycle) at the time of the staged 
cardiopulmonary procedures. 
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In summary, in the case reported, it was my opinion that the 
increased risk of operative mortality and complications with an 
en bloc procedure far outweighed the meager potential for 
benefit. I remain far more concerned about the relatively massive 
palliative intervention to which our patient was subjected to 
achieve less than 1 year’s symptomatic relief and survival. 
However, considering the patient’s age, the dire mechanically 
correctable circumstances when first seen, plus a small potential 
for long-term survival, it would be difficult to avoid intervening 
in similar circumstances. 


G. Frank O. Tyers. MD, FRCS(C) 


Department of Surgery 

The University of British Columbia 
910 W 10th Ave, 3rd Floor 
Vancouver, BC 

Canada V52 4E3 
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Anomalous Left Coronary Artery Surgery 
To the Editor: 


I read with interest the paper by Vigneswaran and associates [1] 
published in the October 1989 issue of The Annals of Thoracic 
Surgery concerning anomalous left coronary artery surgery, in 
which they propose a new method of elongating the coronary 
artery using pulmonary artery wall. A very similar technique was 


_described by Dr Quentin R. Stiles 10 years ago (Fig 1) [2]. Perhaps 


Vigneswaran and associates would explain any differences be- 
tween their technique and the technique of Stiles. 


Vladimir Alexi-Meskhishvili, MD 


Department of Cardiovascular Surgery 
Deutsches Herzzentrum Berlin 
Augustenburger Platz 

1,1000 Berlin 65 

Federal Republic of Germany 





Fig. 1. Technique of transplantation of the left coronary artery from the pulmonary trunk to the ascending aorta. (A) The patient is on cardiopzl- 
monary bypass. The aorta is cross-clamped. The pulmonary trunk is divided just above the coronary ostium. (B) The dotted line shows the cuff of 
pulmonary trunk to be resected. The site of anastomosis to the aorta is shaded. (C) The completed anastomosis. The divided pulmonary trunk will 
be reanastomosea.. (D) Should extra length be needed to form a tension-free connexion, a tubular extension is fashioned from the pulmonary trunk. 


(Reprinted from [2] by permission of Grune & Stratton.) 
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Reply 
To the Editor: 


Our failure to cite Dr Stiles’ important work concerning extension 
of the anomalous left coronary artery using pulmonary artery 
wall was unintentional, and we wish to thank Dr Alexi- 
Meskhishvili for bringing it to our attention. I would like to point 
out two very important differences between the technique de- 
scribed by Stiles and that which we have recently employed. 
Doctor Stiles’ procedure involves use of the posterior wall of the 
main pulmonary artery, which requires transection of the pul- 
monary artery and extensive reconstruction. The technique we 
proposed uses the anterior wall of the pulmonary artery, which 
allows the use of more arterial tissue and therefore a longer 
extension of the anomalous coronary. Furthermore, patch recon- 
struction technically is simple. The most important difference 
between the two procedures is the source of arterial blood supply 
to the extended anomalous coronary artery. In Dr Stiles’ tech- 
nique, the extension is anastomosed to the posterior ascending 
aorta, which necessitates aortic cross-clamping and thus produces 
intraoperative myocardial ischemia. In our procedure, the right 
subclavian artery supplies arterial blood. It is anastomosed easily to 
the extended anomalous coronary without aortic cross-clamping, 
which avoids further ischemic injury to an already compromised 
myocardium. 

Although we appreciate the thoroughness of Dr Alexi- 
Meskhishvili in indicating our oversight, we feel that there are 
substantial differences in concept and application between Dr 
Stiles’ technique and the one proposed in our recent article. 


David R. Clarke, MD 


Cardiothoracic Surgery 

University of Colorado Health Sciences Center 
The Childrens Hospital 

4200 E 9th Ave 

Denver, CO 80262 


Beware Centrifugal Pumps: Not a One-Way Street, but 
a Potentially Dangerous “Siphon” 
To the Editor: 


It has come to our attention once again that all man-made 
systems have the potential for failure. This ‘“reacquaintance” was 
precipitated during two recent procedures in which an apparent 
malfunction of the centrifugal bypass pump allowed retrograde 
flow in the arterial line. This negative flow and the resultant 
negative pressure created a hemodynamic siphon, which, in 
turn, drew air into the circuit. 

Unlike an occlusive roller head, a centrifugal pump is a 
flow-through device with wide clearances within the impeller 
and between the impeller and its housing. This design feature 
will prevent excessive outflow pressures if a line is unintention- 
ally clamped. However, the unexpected trade-off is that there is 
no inherent protection against retrograde flow when the pump 
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stops, whether because of electrical or pump failure. This retro- 
grade flow occurs so fast that the perfusionist cannot place a 
clamp on the arterial line fast enough to prevent a “siphon” effect 
from sucking blood out of the aorta and air into the aorta from 
needle holes or around the pursestring suture holding the aortic 
cannula. 

In the operating room, the sudden, mysterious appearance of 
air in the aortic line, when we thought we were on full cardio- 
pulmonary bypass, caused great consternation. We all know too 
well the potential consequences. Our first thoughts were to check 
for an empty venous reservoir or ruptured tubing, but neither of 
these was the cause. 

To purge the air, we clamped the venous and arterial lines, 
then transfused blood back into the venous system to maintain 
circulatory pressures. We then removed air from the aorta and 
arterial line. During this procedure it is imperative that a clamp 
be placed cm the arterial line near the pump, otherwise opening 
the arterial line near the cannula to remove the air will allow the 
remaining blood to drain further back through the pump into the 
venous reservoir. 

Mock circulatory studies in the laboratory show that retrograde 
flows can begin in as little as 540 ms after the pump is turned off. 
This flow can attain a value of 2.5 L/min after another 470 ms. A 
prototype unidirectional check valve has been constructed that 
prevents retrograde flow with less than 3 mL closing reflux. We 
recommend such a valve be used to promote safe application of 
centrifugal pumps. 


Jack Kolff, MD 
James B. McClurken, MD 
Jeffrey B. Alpern, DO 


Temple University 

300 Parkinson Pavilion 
Broad and Ovttario Streets 
Philadelphia, PA 19140 


Membranotomy for Budd-Chiari Syndrome 
To the Editor: 


Chang and associates [1] were unable to explain the pathogenesis 
of narrowing of the inferior vena cava (IVC) after membranot- 
omy. They suggest the narrowing was a complication of mem- 
branotomy. We have operated on 24 patients by transthoracic, 
retrohepatic, and retroperitoneal approach [2]. Preoperative 
ultrasound and venographic appearances [3] and operative find- 
ings [4] confirmed severe hourglass constriction of IVC about the 
level of the hepatic veins. 

We prefer to label this entity as “coarctation of the IVC” [5]. 
The so-called membrane or septum merely completes the occlu- 
sion of the coarcted IVC similar to intimal folds completing the 
obstruction in coarctation of aorta [5]. 

Mere perforation or dilation of the membrane has resulted in 
reocclusion or restenosis [6]. Chang and associates report 1 such 
case. Longer follow-up of their patients is likely to reveal more 
“recurrences.” 

Chang and associates refer to use of only deep hypothermia to 
perform thrombectomy and correct the IVC stricture. This has 
also been done using mild hypothermia [7] and inflow occlusion 
techniques [8]. 

Both dorsal cavoatrial bypass and patch venoplasty of coarcted 
IVC have resulted in long-term relief of symptoms with patent 
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grafts {8]. One of our patients had coarctation above the dia- 
phragm that could easily be corrected by venoplasty [9]. 


Solomon Victor, FRCP, FRCS 
V. Jayanthi, MD, DM, MAMS 
N. Madanagopalan, MD, FRCP 


The Heart Institute and Department of Digestive Health and Diseases 
Kilpauk Medical College 

15 East St 

Kilpauk Garden Colony 

Madras 600 010 

India 
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Intraoperative Transesophageal Echocardiography for 
Hypertrophic Cardiomyopathy 
To the Editor: 


There has been increasing interest recently in the use of trans- 
esophageal echocardiography intraoperatively to assess intracar- 
diac features [1], which allows better visualization compared with 
other methods of investigation [2]. We would like to report its 
benefits in the operative management of 2 patients with hyper- 
trophic obstructive cardiomyopathy (HOCM) not only in assess- 
ing the adequacy of relief of left ventricular outflow tract obstruc- 
tion but also in the visualization of mitral valve structure and 
function. 

The first patient, a 9-year-old girl with Turner's syndrome, was 
found to have a murmur at birth and underwent echocardiog- 
raphy which confirmed HOCM. Frequent severe attacks of chest 
pain, dyspnea, and chest infections developed throughout her 
childhood, despite increasing medical therapy consisting of pro- 
pranolol, nifedipine, amiodarone, furosemide, and spironolac- 
tone. 
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Fig 1. Transesophageal echocardiogram showing hypertrophic septum 
(arrow) causing left ventricular outflow tract obstruction. 


She was found to have mitral incompetence and severe left 
ventricular outflow tract obstruction. Electrecardiogram con- 
firmed left atrial enlargement and severe left ventricular hyper- 
trophy. Serial echocardiograms showed grossly thickened inter- 
ventricular septum with a gradient of 35 mm Hg at rest which 
increased to 100 mm Hg on agitation. There was grade 3/4 mitral 
incompetence. 

Before cardiopulmonary bypass was begun, transesophageal 
echocardiography was performed, This showed severe mitral 
regurgitation with the grossly hypertrophic septum causing left 
ventricular outflow tract obstruction (Fig 1). After cardiopulmo- 
nary bypass was established, a left atriotomy was performed. The 
mitral valve chordae were short and greatly thickened with much 
fusion and distortion. A great deal of time was spent separating 
and lengthening the subvalvar apparatus. At the end of the 
procedure, good functional improvement of the mitral valve was 
observed. An oblique aortotomy was performed and the thick- 
ened interventricular septum identified. A large amount of 
muscle was removed, greatly enlarging the left ventricular out- 
flow tract. The left ventricular outflow tract obstruction was 
removed and no residual gradient remained. This was confirmed 
on transesophageal echocardiography at the end of bypass, 
which showed marked enlargement of the left ventricular out- 
flow tract (Fig 2) and minimal mitral regurgitation on Doppler 
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Fig 2. Transesophageal echocardiogram showing enlargement of left 
ventricular outflow tract (arrow) after myectomy. 
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studies. These were later confirmed by transthoracic echocar- 
diography at 7 days postoperatively. 

The patient made an uneventful postoperative recovery, and 
on follow-up 5 months later, she was very well without taking 
any medications and was participating actively in school activi- 
ties. 

The second patient, a 51-year-old. woman, had increasing 
dyspnea associated with chest pain and palpitation over a 3-year 
period. She was found to have an ejection systolic murmur on 
examination. Her electrocardiogram showed left axis deviation 
and left ventricular hypertrophy. Echocardiography showed left 
ventricular outflow tract obstruction from HOCM with a gradient 
of 100 mm Hg. There was also moderate mitral regurgitation. 
Despite taking amiodarone, verapamil, and furosemide, she 
became increasingly dyspneic and was admitted acutely on two 
occasions with pulmonary edema. 

At operation, after full cardiopulmonary bypass was estab- 
lished, an oblique aortotomy was performed. This confirmed 
thickened interventricular septum causing outflow tract obstruc- 
tion. A generous myectomy was performed and the outflow tract 
enlarged. Transesophageal echocardiography after the patient 
was taken off bypass temporarily showed some residual obstruc- 
tion with turbulence of flow across the left ventricular outflow 
tract. 

Cardiopulmonary bypass was reestablished and a more exten- 
sive myectomy performed. After this, improvement in outflow 
tract dimension and flow characteristics was observed. Trans- 
esophageal color Doppler echocardiography also confirmed nor- 
mal mitral valve function. There was no residual gradient across 
the left ventricular outflow tract on direct measurement. 

Postoperatively the patient recovered uneventfully, with 
marked improvement in her exercise tolerance. Postoperative 
echocardiography showed no clinically significant gradient 
across the left ventricular outflow tract. 

Histological examination of the excised specimens in both 
cases showed focal fiber disarray, fiber degeneration, and inter- 
stitial fibrosis typical of HOCM. 

These 2 cases illustrate convincingly the benefits of intraoper- 
ative assessment using transesophageal echocardiography and 
Doppler flow studies in operation for HOCM. Such studies 
confirm the adequacy of myectomy, which is of great importance 
as incomplete relief of left ventricular outflow obstruction may 
increase the risk of early postoperative death [3]. They also allow 
excellent visualization of the mitral valve apparatus, confirming 
the improvement of mitral valve function after adequate myec- 
tomy [4], thus enabling its preservation. We believe that intraop- 
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erative transesophageal echography with color flow Doppler 
serves as a useful aid in the operative management of HOCM. 


Jibah Eng, FRCS 

Unnikrishan R. Nair, MS, FRCS 
Peter J. Scott, MRCP 

Duncan R. Walker, FRCS 


Department of Cardiothoracic Surgery 
Killingbeck Hospital 

York Rd 

Leeds LS14 6UQ 

England 
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CORRECTION 


The article entitled “Combined coronary revascularization and 
splenectomy” by Ryu Koike, MD, Hisayoshi Suma, MD, Taka- 
hiko Oku, MD, Harumitsu Satoh, MD, Yoshihide Sawada, MD, 
and Atsuro Takeuchi, MD, published in the December 1989 issue 
of The Annals of Thoracic Surgery (Ann Thorac Surg 1989;48:853-4), 
contained errors in the unit notation for platelet counts. 

As The Annals is a member-journal of the medical journal 
consortium agreeing to use the Systeme International (SI) units 
system for denoting measurements and volumes, the proper 
notation for the platelet count in column 1, line 10 of the text 
should have been 8.0 x 10°/L. The same correction applies to 
platelet counts in column 1, the last line, and column 2, line 3. 

The Annals regrets the error. 
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THE SOUTHERN THORACIC SURGICAL ASSOCIATION 


Thirty-seventh Annual Meeting 


November 8-10, 1990 


The Hyatt Regency Cerromar Beach 


Dorado, Puerto Rico 


_ The Thirty-seventh Annual Meeting of the Southern Tho- 


racic Surgical Association will be held at the Hyatt Re- 
gency Cerromar Beach on November 8-10, 1990, with the 
Postgraduate Program on Thursday, November 8, from 
7:30 AM to 11:30 am. The meeting is open to all duly 
qualified physicians. Both members and nonmembers are 
urged to register in advance. 


Registration and Fees 


Advance registration forms, hotel reservation cards; and 
details regarding transportation arrangements will be 
mailed to Association members. Nonmembers should 
write to the Secretary-Treasurer, Gordon F. Murray, MD, 
The Southern Thoracic Surgical Association, 111 East 
Wacker Dr, Chicago, IL 60601. 

Members are not required to pay a registration fee for 
the Scientific Program. Residents and fellows may register 
without payment of a registration fee upon presentation 
of a lettér from their chief of service. The fee for other 
physicians is $155, except guest. speakers, authors, and 
co-authors. Nurses and paramedical personnel may reg- 
ister upon payment of a $155 fee and presentation of a 
letter of introduction from 4 member. 


© 1990 by The Society of Thoracic Surgeons 


Registration for the Postgraduate Program is $50 for all 
physicians, residents, and fellows. 


Presentation and Publication 


Papers presented at the Scientific Session must be submit- 
ted in triplicate to the Secretary-Treasurer, Gordon F. 
Murray, MD, at the time of presentation; or to the Editor 
of The Annals of Thoracic Surgery prior to presentation. 

Speakers for the Regular Program are limited to 10 
minutes; those in the Forum are limited to 5 minutes. 
Speakers are asked to use the preview room prior to the 
opening of their session to prepare their slides for presen- 
tation. 


Accreditation 


The Southern Thoracic Surgical Association is accredited 
by the Accreditation Council for Continuing Medical 
Education to sponsor coritinuing medical education for 
physicians. One credit hour in category I of the Physi- 
cian’s Recognition Award of the American Medical Asso- 
ciation may be claimed for each hour of participation by 
the individual physician. 
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10:50 


11:30 


1:45 


2:30 
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PROGRAM 
THIRTY-SEVENTH ANNUAL MEETING 
SOUTHERN THORACIC SURGICAL ASSOCIATION 


November 8-10, 1990 
The Hyatt Regency Cerromar Beach 
Dorado, Puerto Rico 


November 8, 1990 (Thursday) 
Postgraduate Program 


Introduction to the 1990 Postgraduate Course 
Course Director, D. Glenn Pennington, St. Louis, MO 


Homograft Valves and Conduits for Replacement of the Aortic Valve or Root 
Ronald C. Elkins, Oklahoma City, OK 


Surgical Treatment of Wolff-Parkinson-White Syndrome 
Fred A. Crawford, Jr, Charleston, SC 


Surgical Treatment of Gastroesophageal Reflux 
John L. Sawyers, Nashville, TN 


Surgical Treatment of Complex Benign Esophageal Disease 
Richard B. McElvein, Birmingham, AL 


Adjuvant Therapy for Esophageal Carcinoma 
Jack A. Roth, Houston, TX 


Break 
Visit Exhibits 


Surgical Treatment of Transposition of the Great Arteries 
Constantine Mavroudis, Chicago, IL 


Current Treatment of Coronary Artery Disease 
Moderator: George C. Kaiser, St. Louis, MO 


Discussants: 
Morton Kern, St. Louis, MO 
Joseph M. Craver, Atlanta, GA 


Adjourn 


November 8, 1990 (Thursday) 
First Scientific Session 


1. Ascending Aortic Anewa in the Marfan Syndrome: Results of Composite Graft 
Repair in 100 Patients 
Vincent L. Gott, Reed Pyeritz, Duke E. Cameron, Peter S. Greene, and Victor McKusick, 
Baltimore, MD: 


2. Determinants of Early and Late Results for Mitral Valve Replacement.Combined With 
Coronary Artery Bypass Grafting 
Guo-Wei He, C. F. Hughes, B. D. Leckie, B. McCaughan, D. S. Thomson, and D. K. Baird, 
Sydney, Australia 


3. Comparison of Postoperative Complication Rates in Patients Undergoing Saphenous 
Vein (SVG) and Internal Mammary Artery (IMA) Grafting 
Gulshan Sethi, Jack Copeland, Tom Moritz, William Henderson, Karen Zadina, Steven Goldman, 
and Participants of VA Cooperative Study on Use of Antiplatelet Drugs for Graft Patency, 
Tucson, AZ 


Guest Lecturer 
Cardiovascular Medicine and the Aging Population 
Gottlieb C. Friesinger, Professor of Medicine, Vanderbilt University School of Medicine, Nashville, TN 


Break 
Visit Exhibits 
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3:45 


5:00 


8:00 


9:15 


10:00 


10:45 


11:30 
12:15 
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Surgical Forum 


4. 


10. 


Improved Lung Preservation with Cold Air Storage 
Neal D. Kon, Michael H. Hines, Charles D. Harr, A. Robert Cordell, and Stephen A. Mills, 
Winston-Salem, NC 


Prolonged Pumpless Arterio-venous Perfusions for Carbon Dioxide Extraction 
Jean Deslauriers and John Awad, Ste-Foy, Quebec, Canada 


Ischemic Spinal Cord Reperfusion Injury: The Effect of Polyethylene Glycol-Conjugated 
Superoxide Dismutase 

Jon M. Agee, Lorne H. Blackbourne, Terry L. Flanagan, Irving L. Kron, and Curtis G. Tribble, 
Charlottesville, VA 


Severe Postischemic Injury Prevented by 15mMoles of Magnesium and Low Calcium in 


Crystalloid Cardioplegia 
Paul S. Brown, Jr, Fred W. Holland, Gary L. Parenteau, and Richard E. Clark, Bethesda, MD 


Effects of Calcium Chloride Administration on the Postischemic Isolated Rat Heart 
Albert Abbott, Ronald Hill, Larry Shears, Kay Beamer, Robert Gustafson, and Gordon Murray, 
Morgantown, WV 


Thyroid Function and Cardiopulmonary Bypass: “A Euthyroid Sick Syndrome” 
Fred W. Holland, Paul S. Brown, Jr, Bruce D. Weintraub, and Richard E. Clark, Bethesda, MD 


Enhanced Pulmonary Function Using Dimethylthiourea for 12-Hour Lung Preservation 
C. Jake Lambert, Jr, Thomas M. Egan, Blair A. Keagy, Frank C. Detterbeck, and 
Benson R. Wilcox, Chapel Hill, NC 


Adjourn 


November 9, 1990 (Friday) 
Second Scientific Session 


11. Incidence of Late Acute Rejection of Non-Steroidal Immunosuppressive Protocol for 
Cardiac Transplantation 
K. Francis Lee, Janet L. Pierce, Michael L. Hess, Andrea K. Hastillo, Andrew S. Wechsler, and 
Albert J. Guerraty, Richmond, VA 

12. The Partial Fontan Operation in Surgery for Single Ventricle 
E. Charles Douville, Robert M. Sade, and Derek A. Fyfe, Charleston, SC 

13. Complete Repair of Atrioventricular Canal Malformation 
Walter H. Merrill, John W. Hammon, Jr, James R. Stewart, William H. Frist, Thomas P. Graham, 
and Harvey W. Bender, Jr, Nashville, TN 

14. Atrioventricular Septal Repair in Infants 
Steven Bailey and Donald C. Watson, Memphis, TN 

Break 

Visit Exhibits 


Third Scientific Session 


15. 


16. 


17. 


Bronchoalveolar Cell Carcinoma: Factors Affecting Survival 
Richard C. Daly, Victor F. Trastek, Peter C. Pairolero, Paul A. Murtaugh, Thomas V. Colby, 
Ming-Shyan Huang, and W. Spencer Payne, Rochester, MN’ 


Improved Survival Following Resection of Pulmonary Metastases from Malignant 
Melanoma 
Lyall A. Gorenstein, Joe B. Putnam, Jr, Charles A. Balch, and Jack A. Roth, Houston, TX 


Reoperative Pulmonary Metastasectomy for Soft-Tissue Sarcoma 
Helen W. Pogrebniak, Jack Roth, Seth Steinberg, and Harvey I. Pass, Bethesda, MD 


Presidential Address |! 
Harvey W. Bender, Jr, Nashville, TN 


Business Meeting (members only) 


Adjourn 
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November 10, 1990 (Saturday) 
Fourth Scientific Session 


8:00 18. 


19. 


20. 


21. 


23. 


The Effect of Lung Contusion on Pulmonary Hemodynamics 
Robert B. Wagner, Ben Slivko, Peter Jamiesor, Mark Dills, and Fred H. Edwards, Rockville, MD 


Thoracotomy in the Octogenarian 
Keith S. Naunheim, Ken A. Kesler, Donald R Judd, Stephen A. D'Orazio, Andrew Fiore, 
Karen Kelly, and Lawrence McBride, St. Louis, MO 


Primary Cysts and Tumors of the Mediastinum 
Amram J. Cohen, LeNardo Thompson, Fred H. Edwards, Ronald F. Bellamy, and 
Michael J. Barry, Washington, DC l 


Are Staples Better than Sutures for Closing Bronchi and Pulmonary Vessels? 
Geoffrey M. Graeber, Joseph J. H. Collins, Jr, James L. DeShong, and Gordon F. Murray, 
Morgantown, WV 


. Cardiopulmonary Bypass Without Circulatory Arrest for Resection of Inferior Vena 


Cava Tumors with Supradiaphragmatic Extension 
James R. Stewart, John A. Carey, W. Scott McDougal, Walter H. Merrill, Michael Koch, 
John W. Hammon, Jr, William H. Frist, and Harvey W. Bender, Jr, Nashville, TN 


Prospective Randomized Trial of Palliative Treatment for Unresectable Squamous Cell 
Carcinoma of the Esophagus 

Carolyn E. Reed, William H. Marsh, Leta S. Carlson, Cathy H. Seymore, and John M. Kratz, 
Charleston, SC 


9:45 Break 
Visit Exhibits 


Fifth Scientific Session 


10:30 24. 


25. 


26. 
27. 


28. 


The Internal Mammary Artery Graft at Ccronary Artery Bypass Reoperation: Risks, 
Benefits, and Methods of Preservation 

William H. Coltharp, Michael D. Decker, John W. Lee IV, Michael R. Petracek, 

David M. Glassford, Jr, Clarence S. Thomas, Jr George R. Burrus, William C. Alford, Jr, 
and William S. Stoney, Nashville, TN ` ` 


Bilateral Internal Mammary Artery Grafts in Reoperative and Primary Coronary Bypass 
Surgery: A Comparative Analysis 

David L. Galbut, Ernest A. Traad, Malcolm J. Dorman, Paul L. DeWitt, Parry B. Larsen, 

Paul A. Kurlansky, Joan M. Ally, and Thomas D. Gentsch, Miami, FL 


Benefit From Combining Blood Conservation Measures in Cardiac Operations 
James W. Jones, Robert E. Rawitscher, Thomas R. McLean, and Arthur C. Beall, Jr, Houston, TX 


Penetrating Cardiac Injuries 
Safuh Attar, John R. Hankins, and Joseph S. MzLaughlin, Baltimore, MD 


Current Indications, Risks, and Outcome Following Pericardiectomy 


` Patrick A. DeValeria, William A. Baumgartner, Alfred S. Casale, Peter S. Greene, 


29. 


30. 


Duke E. Cameron, Timothy J. Gardner, Vincent L. Gott, Levi Watkins, Jr, and Bruce A. Reitz, 
Baltimore, MD 


Temporary External DDD Pacing Following Cardiac Surgery 
T. Bruce Ferguson, Jr, and James L. Cox, St. Louis, MO 


Primary Cardiac Sarcomas 
Rolando Colon, Joe B. Putnam, Jr, Michael S. Sweeney, O. H. Frazier, and Denton A. Cooley, 
Houston, TX 


12:30 Adjourn 


Information About Membership in 


The Society of Thoracic Surgeons 


The Society of Thoracic Surgeons (STS) is the largest 
organization of its kind devoted primarily to the practice 
of thoracic and cardiovascular surgery. The major pur- 
pose of The Society is educational, with the aim of 
providing thoracic and cardiovascular surgeons from both 
academic and private practice environments a forum for 
presentation and discussion of scientific topics. As out- 
lined in the original bylaws of The Society, this education- 
al emphasis is designed to accomplish the broader goal of 
improving the quality and practice of thoracic and cardio- 
vascular surgery as a specialty. 

The STS recently celebrated its 25th Anniversary, hav- 
ing been founded in 1964. Since its inception, The Society 
has grown continually so that at present the membership 
includes the majority of board certified thoracic surgeons 
in the United States as well as thoracic and cardiovascular 
surgeons from 45 other countries. 

In addition to an annual scientific meeting, the STS has 
more than 20 committees working on diverse matters 
related to improving thoracic and cardiovascular surgery 
as a specialty. Examples of these committees are: Stan- 
dards and Ethics, Government Relations, Medico-Legal 
Affairs, Surgical Standby for PTCA, Physician Reimburse- 
ment, CPT-4 Advisory, Education and Resources, and 
Cardiothoracic Surgical Practice Guidelines. The Commit- 
tee to Analyze Circulatory Assist Devices and Artificial 
Hearts sponsors topical meetings (next meeting, Novem- 
ber 15-17, 1991, in San Francisco). The Committee to 
Develop a National Database for Thoracic Surgery plans 
to implement the first comprehensive database program 
for thoracic and cardiovascular surgeons in the United 
States; it will be offered to members in the near future. 

_ There are five types of membership in The Society of 
Thoracic Surgeons: active, senior, honorary, internation- 
al, and candidate. 


Active Member Applicants for active membership must 
be surgeons whose practice is devoted primarily to the 
field of thoracic and cardiovascular surgery. 

QUALIFICATIONS: Applicants must be Diplomates of 
the American Board of Thoracic Surgery or Fellows in The 
Royal College of Surgeons of Canada, and be established 
in the practice of thoracic and/or cardiovascular surgery 
for a minimum of three years. There must be sponsoring 
letters from three active STS members. 


Senior Member Any active member or international 
member, upon reaching the age of sixty-five years, shall 
automatically become a Senior Member. 


Honorary Member Honorary Membership shall be re- 
served for distinguished persons worldwide who have 
achieved prominence in the field of thoracic and cardio- 
vascular surgery and have contributed to its advance- 
ment. Honorary members shall be elected by a majority 
vote of The Society at its annual business session upor 
recommendation of the Council of the STS. 


International Member Members from countries other 
than the United States and Canada were previously 
accepted only as active members. Because of differences 
in training and practice, the application process for for- 
eign members was often complex and time consuming. To 
allow for greater participation by thoracic and cardiovas- 
cular surgeons from other countries, the bylaws have 
been revised to provide for a category of International 
Member, which is the category for all members outside 
the United States and Canada. 

QUALIFICATIONS: Applicants shall reside outside the 
United States and Canada. Their training in this specialty 
shall be considered equivalent to that of Active Members. 
They shall have achieved appropriate certification or 
recognition of achievements in this specialty in their 
country and must devote the majority of their profession- 
al efforts to the interests of the specialty. Appropriate 
documentation of professional achievements shall be pro- 
vided to the Membership Committee. 


Candidate Member Candidate membership was created 

to allow participation of younger surgeons in the time 

prior to being qualified for active membership. 
QUALIFICATIONS: Applicants shall be enrolled in a tho- 


‘racic and cardiovascular training program accredited by 


the Residency Review Committee for Thoracic Surgery 
under the authority of the Accreditation Council for 
Graduate Medical Education or in a similar prograrr 
approved for training by The Royal College of Surgeons o! 
Canada. Also, individuals who have completed thei 
training in one of the above programs and are in process 
of acquiring certification by the American Board of Tho 
racic Surgery or The Royal College of Surgeons of Canade 
are eligible for this type of membership. 





If you would like to receive an application for membership in The Society, send the request printed below. This year’s deadline for 
receipt of applications is September 1, 1990. We suggest you apply soon as it takes time to process the application. Approved 
applications will be presented to the membership at the February 1991 Annual Meeting in San Francisco. 


REQUEST FOR APPLICATIONS 


Please send an application for: [] Active membership LJ International membership [] Candidate membership 


TO: NAME: 





ADDRESS: 











TELEPHONE NUMBER: 





Send to: James L. Cox, MD, Chairman, Membership Committee 
The Society of Thoracic Surgeons, 111 East Wacker Drive, Suite 600, Chicago, IL 60601 


Telephone: (312) 644-6610; FAX: (312) 938-1214 





EVENTS OF INTEREST 


Brief notices of meetings, courses, and symposia relevant 
to cardiothoracic surgery are published as a service. They 
should be formatted as follows: meeting title, date, place, 
sponsor, accreditation, director, fee, minimum/maximum 
attendance, and address/phone for further information. 


Thirty-ninth Congress of the European Society for 
Cardiovascular Surgery, Budapest, Hungary— 
September 9-12, 1990 

For information on this meeting, contact Budapest Con- 
vention Centre, H-1444, PO Box 233, Budapest XI, Jagello 
u 1-3, Hungary; or telephone (361) 852-507 (facsimile: 
(361) 665-636; telex: 22-7717). 


Fourth Annual Meeting of the European 
Association for Cardio-thoracic Surgery, Naples, 
Italy—September 17-19, 1990 

For information on this meeting, contact the Organizing 
Secretariat, MCM, Rione Sirignano, 5, 80121 Naples, Italy; 
or telephone (0)81/7611085-7611277 (facsimile: (0)81/ 
664372; telex: 710626). 


Second Annual Meeting of the International 
Society for Applied Cardiovascular Biology, 
Venice Lido, Italy—September 17-20, 1990 

For information on this meeting, contact the Congress 
Secretariat, Kele Teo, San Marco 4930, Venice, Italy. 


Interim Meeting of The Society of Thoracic 
Surgeons, Chicago, Illinois— 

September 21-23, 1990 

For information on this meeting, contact Richard P. 
Anderson, MD, The Society of Thoracic Surgeons, 111 
East Wacker Dr, Chicago, IL 60601-4301; or telephone 
(312) 644-6610. 


Mechanical Circulatory Support 1990, London, 


England—-September 26-28, 1990 


For information on this meeting, contact Anne Sumner, 
Mechanical Circulatory Support 1990, Medical Research 


Announcements should be sent at least 4 months in 
advance of publication to The Annals of Thoracic Surgery, 
3108 Queeny Tower, Barnes Hospital Plaza, St. Louis, 
MO ‘63210-1041; telephone, (314) 361-6084. 


Services, 60 Oxford St, Southampton SO] 1DL, Hants, 
England; or telephone 0703 231068. 


Controversies in Cardiovascular Disease: Surgical 
Versus Medical Treatment, Aalst, 
Belgium—September 28-29, 1990 

For information on this meeting, contact Dr F. Wellens, 
Department of Cardiovascular Surgery, O.L. Vrouwziek- 
enhuis, Moorselbaan 164, B-9300 Aalst, Belgium; or tele- 
phone 053/78 53 53 (facsimile: 053/78 38 76). 


American College of Surgeons, San Francisco, 
California—October 7-12, 1990 

For information on this meeting contact American College 
of Surgeons, 55 E Erie St, Chicago, IL 60611; or tele- 
phone (312) 664-4050. 


Fifty-sixth Annual Scientific Assembly, American 
College of Chest Physicians, Toronto, Ontario, 
Canada—October 22-26, 1990 l 

This meeting is sponsored by the American College of 


- Chest Physicians and the International Academy of Chest 


Physicians and Surgeons. For information, contact the 
American College of Chest Physicians, 911 Busse High- 
way, Park Ridge, IL 60068; or telephone (708) 698-2200. 


Thirty-seventh Annual Meeting of the Southern 
Thoracic Surgical Association, Cerromar Beach, 
Puerto Rico—November 8-10, 1990 

For information on this meeting, contact Gordon F. Mur- 
ray, MD, Southern Thoracic Surgical Association, 111 East 
Wacker Dr, Chicago, IL 60601-4301; or telephone (312) 
644-6610 (facsimile: (312) 938-1214). 
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Sixty-third Scientific Session of the American 
Heart Association, Dallas, Texas— 

November 12-15, 1990 

For information on this meeting, contact American Heart 
Association, 7320 Greenville Ave, Dallas, TX 75231; or 
telephone (214) 750-5300. 


Global Plenum on Organ Transplantation, 


Lucknow, India—December 14-16, 1990 


For information on this meeting, contact Prof Probal 
Ghosh, Plenum Secretariat, Sanjay Gandhi Post Graduate 


EVENTS OF INTEREST <A-45 
SEPTEMBER 


Institute of Medical Sciences, Raebareli Rd, Post Box 375, 
Lucknow 226001, India. 


Twenty-seventh Annual Meeting of The Society 
of Thoracic Surgeons, San Francisco, California— 
February 17-20, 1991 

For information on this meeting, contact Richard P. 
Anderson, MD, The Society of Thoracic Surgeons, 111 


East Wacker Dr, Chicago, IL 60601-4301; or telephone 


(312) 644-6610. 


CLASSIFIED ADS 


Classified ads for positions wanted or available must relate only 
to the thoracic or cardiovascular surgical specialties. Display 
space (minimum, %4 page) is also available through Media for 
Medicine, Inc, 440 Park Avenue South, New York, NY 10016 
(telephone: (212) 684-5540; facsimile: (212) 545-0651). All ads are 
subject to the approval of the editor, and material deemed 
inappropriate for publication in The Annals will be rejected. If 
anonymity is desired, please indicate this at the time of submis- 
sion and a code number will be assigned. All responses received 
will remain confidential in the publisher's office and will be 
conveyed to the acvertiser shortly after receipt. The charge for all 
classified advertising is $1.25 per word per insertion, minimum 
20 words. Abbreviations, dates, initials, post office box numbers, 
telephone numbers, years, and zip codes are considered one 
word each. There is an additional fee of $17.00 per insertion for 
box number ads. The copy deadline is 7 weeks prior to publica- 
tion, eg, for the March issue, copy should be received by the 1st 
of January. Ad orders should be for a maximum of 6 months; ads 
may be renewed for up to 6 months at a time. Ad copy should be 
typed double-spaced and mailed in duplicate to: The Annals of 
Thoracic Surgery, Desk Editorial, Classified Ads, Elsevier Science 
Publishing Co, Inc, 655 Avenue of the Americas, New York, 
NY 10010 (facsimile: (212) 633-3695). Make nonrefundable check 
payable to Elseviez Science Publishing Co, Inc. 


Please note that The Annals does not function as a placement 
service and cannot provide information on advertised positions. 
When answering advertisements, please write individually to 
‘each advertiser you wish to contact, using the address given in 
the ad. To respond to an anonymous ad, write to Box Number, 
The Annals of Thoracic Surgery, Elsevier Science Publishing, 655 
Avenue of the Americas, New York, NY 10010. 


SITUATIONS AVAILABLE 


Cardiovascular and thoracic surgeon, board eligible/certified, 
wanted to join well-established private practice located in Ft. 
Lauderdale, FL. Send CV. 


Please respond to Box 251. 251L/K 





Cardiovascular and thoracic surgeon, board eligible or certified, 
wanted to join anather surgeon in private practice in the South- 
east. Please respond with curriculum vitae. 


Please respond to Box 252. 252G/L 





Cardiothoracic/vascular surgeon wanted to join established prac- 
tice in Ohio. Recent graduate preferred. Please submit curricu- 
lum vitae and three references. 


Please respond to Box 302. 302C/ 





Cardiac surgeon wanted to join established private practice in 
Eastern PA. Primarily adult cardiac. BC/BE required. Please send 
CV. 


Please respond to Box 315. 315D/1 


Cardiovascular and thoracic surgeon, board eligible or certified, 
wanted to join another physician in private practice in Northeast. 
Immediate availability. Please respond with curriculum vitae. 


Please respond to Box 316. 316D/l 


Excellent opportunity for recent graduate, board eligible or 
certified, for private practice of cardiac, thoracic, and major 
_vascular cases in Great Lakes area. Include references and 
curriculum vitae. 


Please respond to Box 335. 335E/} 





Cardiothoracic surgeon needed for expanding program in mid- 
Michigan. Primarily adult cardiac and thoracic. BC/BE required. 
Please send CV with references. 


Please respond to Box 337. 


337E/] 


Cardiothoracic surgeon wanted for busy, expanding Southeast- 
ern private group in regional medical center with university 
affiliation. Practice includes most aspects of adult and pediatric 
cardiac and thoracic surgery. Surgeon must be board eligible or 
certified with contemporary training. Excellent opportunity for 
suitable applicant. 


Please respond to Box 342. 342F/1 
Cardiovascular and thoracic surgeon: Excellent opportunity to 
join a busy north central Florida group. Practice specializes in 
adult cardiac and thoracic surgery. Excellent benefit package. 
Please reply with curriculum vitae. 


Please respond to Box 348. 348F/K 


Cardiovascular and thoracic surgeon, BE/BC, to join in 2-man 
private practice in cardiovascular and thoracic surgery in the 
Northeast. Excellent benefits package. Association will lead to 
partnership. Please send curriculum vitae. 


Please reply to Box 350. 350F/K 


Cardiothoracic surgeon needed for established program in scenic 
Montana. Unique opportunity for congenial private practice 
lifestyle combined with high-tech hospital environment includ- 
ing dedicażed cardiac OR, cardiac anesthesia, and cardiac inten- 
sive care unit. Solo practice or association leading to partnership. 
Could be experienced surgeon or recent graduate from quality 
program. 

Please respond to Box 354. 354G/L 
Thoracic surgeon wanted: A busy thoracic practice 20 miles south 
of Boston seeks to add a third surgeon by July 1991. Candidate 
must be board certified or eligible. This active practice operates 
from a multihospital referral base. The community is an ideal area 
for family living, with excellent schools and nearby Boston and 
Cape Cod cultural and recreational facilities. Competitive salary, 
malpractice insurance, and excellent benefit package. Please 
respond with CV.’ 


Please respond to Box 356. 356G/L 


Cardiovascular and thoracic surgeon: Position available for a 
BC/BE surgeon to join expanding surgical practice associated 
with highly trained invasive cardiologists and cardiac anesthesi- 
ologists in Ocala, Florida. (Ocala is located in the center of 
Florida, 75 miles north of Orlando.) Excellent benefits package, 
including great location for family activities. Recent graduates 
considered. 

Please send a curriculum vitae to Wayne McGraw, Executive 
Director, Ocala Heart Institute, PO Drawer 3130, Ocala, FL 
32678. 357G/ 


Cardiovascular/thoracic surgeon, BC/BE, to join well-established 
private practice on Florida west coast. Expertise in adult cardiac, 
vascular, and thoracic surgery required. Recent graduate with 
transplant experience preferred. Excellent compensation and 
benefits leading to full partnership. Please include curriculum 


. vitae and references with response. 


Please respond to Box 363. 363G/] 
Cardiothoracic surgeon, BE/BC, to join established 1-man private 
practice involved with adult cardiac, thoracic, and vascular 
surgery in major Midwest community. New or recent graduate 
preferred. Salary leading to partnership. Please send CV, clinical 
experience, and references. 


Please respond to Box 366. 366H/K 


Vascular surgeon, board certified/board eligible, recently trained, 
wanted to join a busy solo vascular surgeon in north central West 
Virginia using 300-bed very progressive hospital. Excellent pack- 
age and potential. 


Please respond to Box 367. 367H/K 
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Cardiovascular and thoracic surgeon, board certified or board 
eligible, wanted for an established private practice of cardiac, 
thoracic, and vascular surgery in the Southeast with potential 
university affiliation. Initial contact should include curriculum 
vitae, clinical experience in all three disciplines, surgical results, 
and references. 


Please respond to Box 368. 368H/J 
Cardiac surgeon, board certified or board eligible, for very busy 
private practice group doing primarily adult cardiac and vascular 
surgery. Seeking an Associate to join well-established practice in 
northeast Ohia metropolitan area. Please respond with curricu- 
lum vitae and references. 


Please respond to Box 370. 370H/A 
Thoracic surgeon for rapidly growing group practice in the NYC 
area. Excellent salary. Please respond with CV and references. 


Please respond to Box 372. 372H/ 
Cardiothoracic and vascular surgeon, board eligible/certified 
with experience in adult cardiac thoracic and vascular surgery, 
wanted to join well-established practice located in southern 
California. Send CV and references. 


Please respond to Box 373. 373H/1 
Cardiovascular surgeon: We are looking for a recently trained B/E 
or B/C CV surgeon to join our very busy and enjoyable 2-man 
cardiovascular department at The Billings Clinic, a progressive 
major regional multispecialty clinic in the northern Rocky Moun- 
tain region. This is an outstanding practice opportunity for the 
right individual seeking a challenging and rewarding surgical 
practice in surroundings conducive to the highest quality of 
living for the surgeon and his or her family. 


For further information, please call or send CV to Hewes D. 


Agnew, MD, or J. Scott Millikan, MD, The Billings Clinic, PO Box 
35100, Billings, MT 59107-5100; (406) 256-2500. 375H/J 





Thoracic surgeon, BC/BE, needed to join two others in a busy 
thoracic surgical practice without open heart surgery. Located in 
a prime suburb of NYC with a good quality of life. Rapid 
partnership advancement. Recent graduate preferred. Please 
reply with a curriculum vitae. 


Please respond to Box 376. 376H/J 
Cardiovascular surgeon wanted to join busy private practice in 
excellent Florida location. Practice includes all aspects of adult 
cardiovascular and thoracic surgery. Would prefer a recent grad- 
uate. Send curriculum vitae. — f 





Please respond to Box 377. 377H/J 








Cardiovascular/thoracic surgeon to complete 3-man group in 
adult cardiothoracic private practice in Michigan. Must be board 
eligible or certified. References required. 


Please respond to Box 382. 382H/ 
We are seeking cardiothoracic candidates for either Assistant or 
Associate Professor of Surgery. Applicants should have experi- 
ence in surgical research and/or teaching. Applicant should be 
technically strong in all phases of adult cardiac surgery. Addi- 
tional experience in pediatric cardiac surgery would be helpful as 
an extra qualification. 


Please send applications to W. Randolph Chitwood, Jr, MD, 
Professor and Chief, Division of Cardiac Surgery, Department of 
Surgery, East Carolina University School of Medicine, Green- 
ville, NC 27858-4354. Federal law requires proper documenta- 
tion of identity and employability prior to final consideration for 
this position. East Carolina University is an equal opportunity/ 
affirmative action employer. 383H/ 








CLASSIFIED ADS A-47 


SEPTEMBER 


Cardiothoracic surgery group seeking an additional board eligible/ 
board certified surgeon with interests and skills in general thoracic 
surgery for busy expanding practice. Private 3-man group practices 
in the Southeast in university-affiliated regional medical center. 
Practice currently includes mainly adult and pediatric cardiac and 
pulmonary surgery. Excellent opportunity for suitable applicant. 


Please respond to Box 384. 384H/K 
Cardiothoracic-vascular surgeon to join private practice— 
cardiac, thoracic, and vascular surgery in Northeast. New cardiac 
surgical program. Must be board certified or eligible. Send CV 
and references. 


Please respond to Box 387. 3871 
Cardiovascular physician's assistant—For Palm Beach County, 
Florida, CVT practice. Must be facile, affable, and tireless. 


Send CV with references to Suite F, 11545 Old Ocean Blvd, Ocean 
Ridge, FL 33435. 3881 





Cardiothoracic surgeon—BE/BC to join well-established CVT 
practice in Palm Beach County. Must be able to operate indepen- 
dently. 


Submit CV with references to Suite F, 11545 Old Ocean Blvd, 
Ocean Ridge, FL 33435. 3891 


Cardiothoracic surgeon (BE/BC) to join newly established prac- 
tice of primarily adult cardiac surgery. Expanding practice is now 
ready for second surgeon. Excellent opportunity for a recent 
graduate in the beautiful area of Virginia. 


Please respond to Box 390. 3901] 


Cardiovascular surgeon. Will perform cardiovascular diagnoses 
and surgery, including vein graft bypass (single, double, triple, 
quadruple, and higher), aortic and mitral valve replacement 
(single and double), vein harvest, and related surgery using 
traditional and laser procedures. Doctor degree in Medicine. 1 
year research.and clinical application of lasers to cardiac and 
vascular surgery..Fellow, American Board of Surgery, board 
eligible, Thoracic Surgery. 40+ hours per week and overtime as 
needed. 7:00 aM-7:00 pm. $135,000 per year. Must have proof of 
legal authority to work in the United States. 


Apply or send resume to Job Service of Iowa, 150 Des Moines St, 
Des Moines, IA 50309. Job Order IA 0224378. Advertisement 
paid by employer. 3921 





Cardiothoracic surgeon, ABTS certified/eligible, with primary 
interest in cardiac surgery, wanted immediately to replace mem- 
ber of established surgical group practicing in Allentown, PA. 
Competitive salary/fringe benefits. Position leads to partnership 
for successful candidate. , 


Please send curriculum vitae, clinical experience, and references 
to Joan M. Persa, Administrator, PO Box 8575, Allentown, 
PA 18105-8575; (215) 821-8790. 3931/B 





Cardiovascular and thoracic surgeon: BE/BC wanted to join well- 
established private group practice in Philadelphia area. Seek 
recent or upcoming graduate. Please send curriculum vitae. 


Please respond to Box 394. 3941/B 
Thoracic, vascular, and general surgeon to join a busy, all 
boarded, private practice on eastern Long Island. Should be 
board certified or eligible. Excellent salary and benefits, leading 
to a full partnership. Send curriculum vitae. 


Please respond to Box 395. 395U/L 


Cardiovascular surgeon to become second surgeon in new (two 
year old) adult cardiac program on west coast of Florida. 





A-48 CLASSIFIED ADS 
SEPTEMBER 


Submit CV to Manatee Cardiac Surgeons, PA, 201 4th Ave East 
#2; Bradenton, FL 34208. 3961/K 





Beautiful Hawaii: Highly regarded and success‘ul group seeks a 
BC/BE cardiovascular surgeon. Excellent salary, full benefits, and 
superb lifestyle! 


For full details contact Wendy Perlman (800) 327-1585. 3971/J 


Cardiovascular surgeon, board certified/eligible, wanted to join 
two surgeons in an established cardiovascular program in the 
southeastern USA. Must have experience in adult cardiac, tho- 
racic, and vascular surgical procedures. Salary/full partnership 
negotiable. Please send resume. 


Please respond to Box 398. 3981/B 


Chief of Cardiovascular and Thoracic Surgery: The Department 
of Surgery at the University of Nebraska College of Medicine is 
conducting a search for a Chief of the Section of Cardiovascular 
and Thoracic Surgery. Applications are sought from board certi- 
fied individuals with interests in patient care, student and 
resident education, and basic or clinical research. Rank commen- 
surate with experience. 


Interested applicants should submit a curriculum vitae to Byers 
W. Shaw, Jr, MD, Chairman of the Search Committee, Professor 
and Chief of Transplant Surgery, Department of Surgery, Uni- 
versity of Nebraska Medical Center, 600 S 4znd St, Omaha, 
NE 68198-3280. Applications will be accepted until a-final can- 
didate is selected. The University of Nebraska. Medical Center is 
an affirmative action/equal opportunity employer. 3991 


Cardiovascular surgeon to join a young diplomate, ABTS, in a 
practice that has grown to some 600 hospital surgeries per year. 
Location is in a city in the mid-South. The only open heart 
program in 15 counties. 325-bed regional medical center. 2 
catherization labs. Practice consists of cardiac, thoracic, and 
vascular surgery. Full financial support including productivity 
incentive. All benefits, malpractice and office expenses pro- 
vided. 


Please respond to Box 400. 4001 


Pennsylvania CT group practice—The Geisinger Medical Center 
& Clinic seeks CT surgeon with transplant experience to join 
existing group of 7 (3 CT/2 vascular/1 intensivist/1 consultant 
plus 9 PAs). The Clinic has 460+ attendings/195~ residents with 
service area of 2MM+. The department handles 1,400+ 
cases (530+ opens); has 90% internal referrals. Family area, 
good schools, 3 hours to NY/DC/Philadelphia, excellent comp 
package. 


Call/send CV to Carole Gregory, c/o MedQuest, PO Box MQ, 
Devault, PA 19432; (215) 640-3774. : 4011 


Develop OH Program—Geisinger Medical Center & Clinic in 
Pennsylvania seeks CT surgeon for new OH program at affiliated 
community hospital. Projections include 130 OH cases in first 
year, 250 in second. All professional/technical support and cov- 
erage provided plus full compensation package. 


Ann Thorac Surg , 
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Call/send CV to Carole Gregory, c/o MEDQUEST, PO Box MQ, 
Devault, PA 19432; (215) 640-3774. 4021 





Cardiovascular and thoracic surgeon: Excellent opportunity for a 
board certifizd/eligible cardiovascular and thoracic surgeon to join 
in a new, growing department in a metropolitan New York com- 
munity on Long Island. Academic/private practice setting with 
excellent compensation. 533-bed community teaching hospital. 
Experience in electrophysiologic surgery, artificial devices, and/or 
transplantation helpful. Please respond with curriculum vitae. 


Please respcnd to Box 403. . 403V/L 
SITUATICNS WANTED 


Cardiothorazic surgeon, 36, 2 years’ experience in adult cardiac 


, surgery. Excellent results. Wishes to relocate to West Coast or the 


Northwest. 
Please respend to Box 369. 369H/ 


Thoracic and cardiovascular surgeon, board certified, with broad 
experience ia all phases of the specialty except transplantation 
wishes to re ocate. Curriculum vitae and references on request. 


Please respond to Box 371. f 371H/1 


Cardiovascular and thoracic surgeon, 45, ABS, ABTS, NE uni- 
versity trained, seeks relocation. Experienced, publications, aca- 
demic appointment. 


Please respond to Box 386. 386I/K 


Cardiovascular and thoracic surgeon, 52, looking for a salaried 
position in cardiac surgery or serving as assistant surgeon. ABS, 
ABTS certified. Experienced in every facet of the field. May start 
immediately 


Please respond to Box 391. 3911 
FELLOWSHIPS 


Fellowship ia cardiovascular surgery for 1 year available January 
1 or July 1 with group doing approximately 1,000 cardiac proce- 
dures per year and large volume of vascular procedures. ABS 
eligible or ce-tified, California medical license required or readily 
obtainable, Ideal for a person between general surgery residency 
and thoracic surgery residency. 

Please respond with curriculum vitae to Bradley J. Harlan, MD, 
5301 F Street. Suite 312, Sacramento, CA 95819. 364G/L 


Clinical carciac surgical fellowship at Massachusetts General 
Hospital, Boston, Massachusetts: One-year appointment begin- 
ning January 1, 1991, or July 1, 1991. Salary commensurate with 
training and consistent with hospital scale. Intensive exposure 
and experience opportunity in cardiac surgery. PG-5 or beyond. 
Interviews amd references required. 


For additional information, please write Mortimer J. Buckley, 
MD, Chief, Cardiac Surgery, Massachusetts General Hospital, 
Boston, MA 02114. 3851) 
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Surgery Update | 1990 


` October 19- 20, 1990 rr 
“Houston, Texas 





i ' Registration fee: $300 
edud fee. for students, residents ang, nurses) . 











- An interactive conference reviewing 
$ current pediatric and neonatal surgical tare, multi- .; | 
system organ failure, breast and thyroid cancer, 

melanomas, surgical endoscopy techniques, current, ° f 
> cardiovascular concepts, and burns; as well as’ « 
multiple case presentations. 


Special guests: Marc Rowe; M. D., tp. 
yee Edwin Deitch, M. D. 


fay SH ae] © Presentild by: ` j i 
> The: Cora & Webb ' Mading Department of Surgery: ana 
-~-~ _ Michael E. DeBakey, M.D., Chancellor 
a ` ee cole of Medicine te 
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ea AG po further information call ‘ 
.Rafael Espada, Program Director 713-790-4556 


BOARD CERTIFIED/ELIGIBLE 
THORACIC SURGEON 
LONG ISLAND, NEW YORK 


A multi-specialty group on Long Island's North 
Shore, is seeking a BC/BE thoracic surgeon. The 
practice will build to approximately 40% thoracic 
surgery; remainder a combination of vascular and 
general. 
















Waterfront housing, historic areas and cultural life- 
style. Suburban living; 50 minutes from New York 
City. 


Wanda M. Parker 
Senior Associate 
E.G. Todd Physician Search, Inc. 
915 Broadway, Suite 1101 

New York, NY 10010 

Toll-free: 800-221-4762 

Collect: 212-673-1300 






















CARDIAC/THORACIC SURGEON 


Excellent opportunity to join in the building of a high 
quality practice. 


Solo Board certified cardiothoracic surgeon seeks 
two Board certified/eligible cardiothoracic surgeons 
to join a newly organized, rapidly expanding, nonre- 
strictive private practice affiliated exclusively with a 
tertiary medical center of 800+ beds in Northern 
Ohio. 


A recently completed cardiothoracic pavilion pro- 
vides state-of-the-art technology—3 new operating 
rooms and a 10 bed cardiac surgical intensive care 
unit. A strong cardiology department with ten inva- 
sive cardiologists provides a full range of diagnostic 
procedures. There are two catheterization labs with 
a third to open soon. 


400-450 adult open heart procedures are projected 
for 1991. Highly competitive financial package with 
full partnership potential. 


Contact: 








Barbara Driscol 
3645 Warrensville Center Road 
Shaker Heights, Ohio 44122 

(216) 991-9770 





CARDIO-THORACIC SURGEON(S) & 
VASCULAR EXPERIENCE NEEDED TO JOIN 
BUSY SOLO CARDIO-THORACIC SURGEON IN 
EASTERN, PA AREA. POSITION(S) 
IMMEDIATELY AVAILABLE FOR RIGHT 
INDIVIDUAL(S). BALANCED PRACTICE OF 
CARDIAC, VASCULAR, THORACIC & 
PACEMAKER SURGERY. NO PEDIATRIC. D.O. 
WITH ATS BOARDS SOUGHT. M.D. 
CANDIDATE WITH SOLID 
ELECTROPHYSIOLOGIC EXPERIENCE IDEAL, 
BUT NOT AN ABSOLUTE REQUIREMENT. 
EARLY PARTNERSHIP OBTAINABLE. IDEAL 
GEOGRAPHIC LOCATION IN NE. FOR 
INFORMATION CALL 215-434-6886. 
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GLOBAL GUIDE TO eee 
MEDICAL INFORMATION [Rie ips remanent 
Edited by GEORGE THOMAS KURIAN 1988 BOB pages 0-444-01300-8 $95.00 
1988 808 Pages Cloth 0-444-01300-8 $95.00 














Book prices subject to change without notice. 
GLOBAL GUIDE TO MEDICAL INFORMATION is a worldwide inventory of medical | PAYMENT 
information resources. This authoritative, comprehensive sourcebook lists more Enclosed please find my — Check — Bank Draft 
than 13,000 entries of programs, publications, institutions, and a wide variety of — Please bill me. Billed book customers will 
media and communication resources necessary to keep pace with the constantly be charged the net cost plus postage and 
“changing structure of medical research and clinical practice throughout the world. handling. (New York State residents must add 


applicable sales tax.) 
Divided into eight key sections, GLOBAL GUIDE TO MEDICAL INFORMATION con- | 


tains a wealth of information in one easily accessible volume. Charge my [C] VISA £] American Express 


[1] Mastercard/Access/Eurocard 
(Issuing Bank #. 





m Periodicals = Publishers 


: š j Account # ..._.....--___ (Exp. Date! 
m International and Regional m Online Data Bases 
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E Research Institutes 
City State. 





m Symposia and Conference Series 


Return to: 

In North America: 

Elsevier Science Publishing Co., Inc. 
P.O. Box 882 

Madison Square Station 

New York, New York 10159 


In the rest of the world: 
Elsevier Science Publishers 
P.O. Box 211 

1000 AE Amsterdam 

The Netherlands 


Information 


You’ll find that GLOBAL GUIDE TO MEDICAL INFORMATION is a time-saving ref- 
erence source that puts necessary medical information right at your fingertips. No 
other sourcebook provides easier access to information as international in scope, or 
of more direct relevance to your research or clinical practice. 


To order a copy of GLOBAL GUIDE TO MEDICAL INFORMATION, simply complete 
the order form. 
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An Authoritative Review of Clinical Thoracic Surgery 





Specialty Review in 
Thoracic Surgery 


January 7 — 12, 1991 


For those seeking a review of all aspects of chest surgery — in both adults and Presented by 
children. Topics covered include pathology, diagnostic techniques (with CT, 
MRI, echocardiography, and endoscopy) common and unusual problems of the THE COOK 
heart and lungs (including assessment, indications for surgery, medical and 


_ surgical therapy), and postoperative care and complications. Question-and- 
answer sessions are included in the programs. 


Course Coordinators | SCHOL MEDICINE 


‘Robert W. Anderson, M.D. Sidney Levitsky, M.D. CME of Distinction 
Professor of Surgery’ Professor of Surgery For More Than Half a Century 
Northwestern University Medical Harvard Medical School A 

School Chief, Cardiothoracic Surgery For more information, call 
Chief, Cardiothoracic Surgery New England Deaconess Hospital toll-free anytime 
Chairman, Surgery Boston : 
Evanston (Illinois) Hospital 1-800-62 1-4651 

Or write to us at 

The Cook County Graduate School of Medicine is not affiliated with the County of Cook or any of 707 South Wood Street 


its agencies, including Cook County Hospital. Chicago, Illinois 60612 








Justbecause you have alotof 
nstruments to choose from,doesnt 
nean you have alot of choices. 


Up until ® now, you ve had to “pull to- micro tooth on their tips that allows ease of hand- 
ether” instruments to make your own I.M.A. Kit. ling of the adventitia surrounding the internal 
nd although you had a lot of choices, no mammary artery, facilitating surgery and lessen- 
ombination of instruments was exactly what ing the possibility of graft failure due to injury. 
as required. Find out more about the Codman I.M.A. 


Oday, that’s all changed. Because today, Kit by contacting your Codman Representative. 
re’s the new Codman'I.M.A. Kit, the very first Just say that you've heard that Codman instru- 
designed for I.M.A. proce- ments arethe instruments of 
res with twelve specially choice when it comes to 

reated instruments. I.M.A. procedures. 
Take the Jones I.M.A. Codman & Shurtleff, 
rceps that are included. Inc., Randolph, Massachu- 
ey're the only forceps setts 02368, (800) 255-2500. 


ilable specifically de- 
Codman_ 


ned for theI.M.A. pedicle. 
CODMAN & SHURTLEFF, INC. 


lliantly conceived, 
y feature a unique .003 - = a fohwmonsfohuon company 


Introducing the Codman IM.A.Kit. 
2 specialized instruments in one place. 
















THE COMPLETE GUIDE 
TO PEDIATRIC SURGICAL 
DIAGNOSIS AND TREATMENT 





Color Atlas of Pediatric Surgery 


by Peter S. Liebert, MD, FACS, FAAP 
Assistant Clinical Professor of Surgery 
Columbia University 


College of Physicians and S saf Pull- 
OORE OLE OPAGENS NA > Color Figures! 
This beautiful and comprehensive 
four-color atlas is the perfect clinical reference 
for all those who must know about pediatric surgical problems. 
Color Atlas of Pediatric Surgery E 745 figures, 537 in full color Contents: 
covers problems amenable to surgical @ Comprehensive coverage of signifi- Foreword e Preface e General 
intervention most often seen in infants cant problems in pediatric surgery Considerations in Pediatric Surgery 
and children. Stressing significant ana- g Pct ck ae e Skin and Subcutaneous Tissue ® 
tomical and functional problems in pe- ™@ Actual clinical situations as they Face, Head, and Neck Chest 


diatric surgery, and techniques for solv- appear to the operating surgeon  Hernias and Defects of the 


ing these problems, the book covers E Step-by-step illustrations of surgical Abdominal Wall ¢ Upper 

the diagnosis, preoperative care, sur- procedures and operative techniques Gastrointestinal Tract ¢ Colon and 
gery, and postoperative management peer an ee Rectum ® Liver, Spleen, and Pancreas 
of conditions seen in patients ranging x Clear color photographs of surgical Urinary Tract Genitalia ¢ Solid 
from the premature newborn to the 30S Tumors ® Trauma and Child Abuse 
adolescent. e Index 

1989 287 pages 745 figures 537 in color 0-444-01328-8 $179.00 


(Dfl. 400.00 outside North America) 


Passes ORDERFORM 222s e2 222222 eee eee 
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San Diego 
Cardiothoracic 
Surgery 
Symposium 


February 22-24, 1991 


San Diego Marriott 


Hotel and Marina 
San Diego, California 


The Course 


This course is of interest to all 
members of the team caring for the 
cardiac surgery patient, including 
physicians and surgeons, perfusion- 
ists, critical care nurses and nurse 
anesthesiologists, intensivists, and 
biomedical health professionals. 
Continuing education credit will be 


Pathophysiology 


& Techniques of 
Cardiopulmonary 


Bypass 


Eleventh Annual 





Program Director 
Joe R. Utley, M.D. 


Faculty 


Kenneth Alonso, M.D. 
Thomas Bartley, M.D. 
Gerald Buckberg, M.D. 
Duke E. Cameron, M.D. 
Richard E. Clark, M.D. 
Devin Cornish, M.D. 

Patrick Curling, M.D. 

L. Henry Edmunds, M.D. 
Richard Hicks 

Stuart Jamieson, M.D. 

Hillel Laks, M.D. 

William Logan, M.D. 

Alain J. Marengo-Rowe, M.D. 
Jack M. Matloff, M.D. 
Kathleen S. Music, R.N. J.D. 
Frederick A. Ofosu, Ph.D. 
Donald S. Prough, M.D. 
J.G. Reves, M.D. 

Jeffrey Riley, B.A. 

George Silvay, M.D., Ph.D. 


awarded to physicians, perfusionists, ] Larry W. Stephenson, M.D. 


nurses and nurse anesthetists. To Julie A. Swain, M.D. 
receive a program with registration 
forms, send a postcard with your 


Robert Vogel, M.D. 
name, specialty, and address to: 


n Sponsored by: 
n Cardiothoracic Research & 
CA 92103. — Education Foundation 


C.R.E.F., PO. Box 33185, San Diego, 











THE FIRST INTERNATIONAL LIVE TELECONFERENCE 
ON HOMOGRAFT AND AUTOGRAFT IMPLANTATION 


NOVEMBER 26-27, 1990 
LONDON, ENGLAND 
Program Directors 


Magdi Yacoub, ER.C.S., M.R.C.R 
National Heart & Lung:institute 


Donald Ross, D.Sc., ER.C.S. 
National Heart Hospital 


valve and aortic root replacement 
using homograft and autograft valves 
and conduits. They have designed 
this live teleconference and laboratory 
to instruct participants in the 
practical and surgical techniques 


Two days of practical training 
includes procedure demonstration 
by interactive closed-circuit television, 
the presentation of case studies and 
participation in laboratory sessions. 
World renowned leaders, 
Professor Yacoub and Mr. Ross, will 
demonstrate techniques for aortic 


associated with the use of homografts 
and autografts. 


Jourse Ís Limited. To"First 50 Registrants 


THE FIRST INTERNATIONAL CONFERENCE ON HOMOGRAFT AND AUTOGRAFT IMPLANTATION 
NOVEMBER 26-27, 1990 


























Mail To: Airma Wybenga + PROMEDICA INTERNATIONAL - 620 Newport Center Drive, Suite 575 + Newport Beach 
(714) 640-5870 + FAX (714) 759-6911 
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surgical 
Chest 





Choosing the right prosthetic 
material can make the difference in 
successful chest wall reconstructions. 
Thoracic surgeons are finding 
that the GORE-TEX Soft Tissue 
Patch makes that difference. 


The Difference 


A key advantage of the Soft 
Tissue Patch in chest wall reconstruc- 
tions is its microporous structure that 
inhibits the passage of fluid.! This 
helps in re-establishing pulmonary 
function by restricting air leakage 
and preventing the transfer of pleural 
fluid across the chest wall. 

The material's high, balanced 
strength 

+ allows the tension needed for 

a firm reconstruction that 
minimizes paradoxical wall 
movement and 

+ provides dependable suture 

retention. 


Yet, the material remains soft 
and highly conformable allowing 

+ an ease of handling and 

¢ less irritation to surrounding 

tissues. 

Tissue ingrowth is encouraged 
by the microporous structure of this 
unique material. It has been shown 
to resist the spread of infection, be 
treatable in its presence and, result 
in a significantly lower incidence of 
adhesion formation.’ It combines 
strength with softness to provide un- 
matched performance and superior 
handling. 

For more information, return 


the coupon or call, 800/638-4804. 
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Each month Infectious Diseases Newsletter 
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questions in diagnosis and therapy 


1 comprehensive articles that discuss pros and cons 
of both proven and developing treatments for 
infectious diseases 


t intriguing case reports that keep your diagnostic 
skills sharp 


« editorial comments on important or controversial 
articles from the world literature 
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Editor-in-Chief: Simon Dack, M.D. 


The Journal of the American College of 
Cardiology is recognized worldwide as one of 
the leading publications in the field. Meeting 
the Colleges high editorial standards, JACC 
provides you with high-quality, clinically rele- 
vant articles and reports that will keep you up 
to date on the most significant advances in 

the diagnosis and treatment of cardiovascular 
diseases. 


You'll want to read JACC for its: 


è outstanding peer-reviewed articles 
è helpful reports on new therapies and drug 
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The Working Group of Pulmonary Hypertension of the International Society and Federation of Cardiology was 
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the identification of controversies regarding the pulmonary circulation and pulmonary hypertension in particular. 
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